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INTRODUCTION 

THE  wide  scope  of  the  electric  arts  and  sci- 
ences will  be  recognized  from  the  fact  that, 
notwithstanding"  the  comparatively  condensed 
manner  in  which  they  have  necessarily  been  treated,  wide  scope 
there  is,  nevertheless,  required  for  their  proper  elu- trie  aru and 
cidation,  two  volumes,  or  two-thirds  of  the  space 
allotted  to  the  entire  book. 

While  for  some  reasons  it  might  have  been  better 
to  treat  the  electric  sciences,  viz.  Electro-Chemis- 
try, Electro-Therapeutics,  and  Electric  Measuring 
Instruments,  by  themselves  after  the  treatment  of  comwSS^ 

the  two. 

the  electric  arts,  yet  the  course  taken  in  the  pre- 
ceding and  following  chapters  has  been  preferably 
followed  by  the  author,  because,  in  his  judgment, 
the  entire  subject  can,  in  this  manner,  be  better 
understood  by  the  class  for  which  these  books  have 
been  prepared. 
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ELECTRO-CHEMISTRY 


CHAPTER  I 

SOME  EARLY   INVESTIGATIONS   IN    ELECTRO- 
CHEMISTRY 

"Davy's  discovery  of  the  compound  nature  of  the  alkalies  at- 
tracted universal  attention,  and  chemists  throughout  Europe 
were  occupied  with  a  repetition  of  his  experiments,  and  an 
examination  of  the  remarkable  properties  of  the  singular 
metals  which  can  thus  be  obtained.  So  singular  indeed  are 
these  properties,  that  many  chemists  denied  to  these  substances 
the  name  of  metal,  and  by  some  they  were  considered  to  be 
compounds  of  hydrogen,  this  view  being  apparently  borne  out 
by  the  evolution  of  hydrogen  when  these  metals  are  thrown 
into  water.  A  more  accurate  examination,  however,  of  the 
properties  of  these  substances  proved  them  to  be  of  a  truly 
metallic  naiture.'*— Chemistry:  Roscoe  and  Schorlemmer 

ELECTRO-CHEMISTRY  is  that  branch  of 
electric  science  which  treats  of  electric  com- 
binations and  decompositions  effected  by  the  Sc^sTry 
electric  current.  It  treats  of  the  combination  of*^^^""^"*- 
the  so-called  ultimate  atoms  of  matter  to  form  mole- 
cules, and  the  decomposition  of  molecules  by  the 
agency  of  the  electric  current. 

The  science  of  electro-chemistry  may  be  said  to 
have  had  its  origin  during  the  early  decades  of  the  q^.^^  ^^ 
Nineteenth  Century — during  the  years  of  1830  Jj^'^'i^" 
and  1 83 1 — in  the  investigations  of  Nicholson  and 
Carlisle,  Davy,  and  Faraday.  Like  many  other 
branches  of  electric  science,  electro-chemistry  has 
not,  until  quite  recently,  been  applied  to  any  ex- 
tended   commercial   purposes,    but    has    found   its 
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principal  use  either  in  the  laboratory  of  research 
or  on  the  lecture  platform.  With  the  advent  of 
cheap  electric  current,  that  accompanied  the  utiliza- 
tion of  such  water  powers  as  Niagara,  numerous 
applications  of  the  science  have  been  made;  so  that 
electro-chemical  technology  has  now  become  a  well- 
recognized  art.  As  example  of  this,  witness  the 
numerous  chemical  manufactories  which  have  re- 
cently sprung  up  in  the  neighborhood  of  Niagara 
Falls. 

Wonderful  as  are  the  effects  produced  by  electric- 
ity and  magnetism  in  the  various  fields  we  have  al- 
ready discussed,  there  yet  remain  to  be  described 
more  wonderful  effects  in  the  domain  of  electro- 
chemistry. Here  we  deal  more  directly  with  the 
Late  date  minute  particles,  or  atoms,  of  matter,  and  study  the 
knowledge  formation  or  decomposition  of  molecules  under  the 
?hei^u"  influence  of  the  electric  force.  Here  we  see  won- 
derful  groups  of  new  properties  spring  into  exist- 
ence as  new  molecules  are  built  up  under  electric 
forces,  or  as  the  old  molecules  are  electrically  torn 
apart.  Many  of  these  changes  are  so  marvellous 
that  they  could  not  have  escaped  the  attention  of 
early  investagators.  We  would,  therefore,  natu- 
rally suppose  that  this  branch  of  electric  science 
would  have  been  the  earliest  in  which  much  positive 
knowledge  was  gained.  This,  however,  does  not 
appear  to  have  been  the  case.  Although  many  of  the 
more  striking  phenomena  were  noticed  at  very  early 
dates,  yet  it  was  not  until  at  much  later  times  that 
the  electric  nature  or  direct  cause  of  many  of  these 
changes  was  certainly  known. 

The  alchemist  in  his  tireless  research  for  the  phi- 
losopher's stone  that  would  change  the  baser  metals 
into  gold,  necessarily  obtained,  although  in  a  hap- 
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hazard  way,  a  fairly  extensive  knowledge  of  some 
of  the  general  properties  of  the  metals.     In  his  ef- 
forts at  transmutation,  he  subjected  all  the  metals 
that  he  could  find  to  the  action  of  various  chemicals  ^witSfgiy 
or  to  great  heat  for  the  purpose  of  obtaining  them  lZa?I^ 
in  a  state  of  solution.  In  this  manner,  various  chem-  ^S^SL 
ical  and  physical  processes  were  performed  on  the 
metals,  in  some  of  which,  beyond  reasonable  doubt, 
he  could  hardly  escape  obtaining  electric  effects.     In 
practically  all  cases  having  obtained  some  metal  in 
the  form  of  a  solution,  he  performed  one  physical 
process  or  another  on  the  solution  which  caused  itScmf^i 
to  deposit  the  metal  in  a  solid,  and,  as  he  hoped,  in  tl^oSt 
a  new  form.     Some  of  these  precipitations,  as  we 
now  know,  were  of  an  electro-chemical  nature,  but 
this  fact  apparently  entirely  escaped  him,  as,  indeed, 
they  escaped  the  attention  of  the  many  bright  scien- 
tific men  who  afterward  rediscovered  them. 

As  an  example  of  the  fact  above  referred  to,  take 
the  case  of  the  well-known  effect  produced  when  a 
bar  of  iron  is  immersed  in  a  solution  of  copper  sul- 
phate.    Under  these  circumstances,  voltaic  couples 
are  formed,  consisting  of  the  iron  and  some  im- 
purity, such  as  carbon,  invariably  found  in  commer-Boyieon 
cial  iron.     It  is  the  electric  current,  which  is  so  pro-  chaiSSi 
duced  by  these  minute  voltaic  cells,  that  decomposes  cScmfcai 
the  copper  solution  and  causes  metallic  copper  to  betations. 
deposited  in  a  thin  layer  on  the  surface  of  the  iron. 
Robert  Boyle,  a  contemporary  of  Otto  Guericke,  a 
man  celebrated  for  his  chemical  and  physical  knowl- 
edge, in  a  book  entitled  "The  Mechanical  Causes  of 
Chemical  Precipitation,"  published  in  1675,  speaks 
of  such  results  as  being  well  known  during  his  time. 
Boyle,  referring  to  the  different  ways  in  which  a 
dissolved  solid  may  be  again  made  to  assume  the 
solid  state,  says: 
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Boyle  on 
refinen* 
method  of 
recorering 
silTer  from 
toludooa. 


Predpl- 
tation  of 
copper  on 
immened 
iron. 


"Another  way  whereby  the  dissolving  particles  of 
a  menstruum  may  be  rendered  unfit  to  sustain  the 
dissolved  body,  is  to  present  them  another  that  they 
can  more  easily  work  on. 

"A  notable  experiment  of  this  you  have  in  the 
common  practice  of  refiners,  who,  to  recover  the  sil- 
ver out  of  lace  and  other  such  mixtures  wherein  it 
abounds,  use  to  dissolve  it  in  Aqua  fortis,  and  then 
in  the  solution  leave  copper  plates  for  a  whole  night 
(or  many  hours) .  But  if  you  have  a  mind  to  see  the 
experiment  without  waiting  so  long,  you  may  im- 
ploy  the  way,  whereby  I  have  often  quickly  dis- 
patched it.  As  soon,  then,  as  I  have  dissolved  a 
convenient  quantity,  which  needs  not  be  a  great  one, 
of  silver  in  cleansed  AqiM  fortis,  I  add  twenty  or 
twenty-five  times  as  much  of  either  distilled  water 
or  rain  water ;  ( for  though  common  water  will  some- 
times do  well,  yet  it  seldom  does  so  well;)  and  then 
into  the  clear  solution  I  hang  by  a  string  a  clean 
piece  of  o^per,  which  will  be  presently  covered  with 
little  shining  plates  almost  like  scales  of  fish,  which 
one  may  easily  shake  off  and  make  room  for  more 
And  this  may  illustrate  what  we  formerly  mentioned 
about  the  subsiding  of  metalline  corpuscles,  when 
they  ccMivene  in  liquors  wherein,  whilst  they  were  dis- 
persed in  very  minute  parts,  they  swam  freely.  For 
in  this  operation  the  little  scales  of  silver  seemed  to 
be  purdy  metalline,  and  there  is  no  saline  precipitant, 
as  salt  of  tartar  or  of  urine,  imployed  to  make  them 
subside.  Upon  the  same  ground,  gold  and  silver, 
dissolved  in  their  proper  menstruums,  may  be  pre- 
cipitated with  running  mercury;  and  if  a  Solution 
of  blew  vitriol  (such  as  the  Roman,  East  Indian;  or 
other  of  the  like  colours)  be  made  in  water,  a  dean 
^late  of  sted  or  iron  being  immersed  in  it,  will  pres- 
ently be  overlaid  with  a  very  thin  case  of  copper, 
which,  after  a  while,  will  grow  thicker ;  but  does  not 


BARLT  INVB8TIQATI0N8  IN  BLEOTRO-OHEMISTRT         9 

adhere  to  the  iron  so  loosely  as  to  be  shaken  off,  as 
the  precipitated  silver  newly  mentioned  may  be  from 
the  copper-plates  whereto  it  adheres.  And  that  in 
these  operations  the  saline  particles  may  really  quit 
the  dissolved  body,  and  work  upon  the  precipitant, 
may  appear  by  the  lately  mentioned  practice  of  Re- 
finers, where  the  Aqim  fortis,  that  forsakes  the  par-  SSTo^ 
tides  of  the  silver,  falls  a  working  upon  the  copper-  p***^^^*^- 
plates  imployed  about  the  precipitation,  and  dis- 
solves so  much  of  them  as  to  acquire  the  greenish 
blew  color  of  a  good  solution  of  that  metal.  And 
the  copper  we  can  easily  again  without  salts  obtain 
by  precipitation  out  of  that  liquor  with  iron,  and 
that  too,  remaining  dissolved  in  its  place,  we  can 
precipitate  with  the  tasteless  powder  of  another 
mineral." 

It  is  curious  how  near  one  can  sometimes  come  to 
making  a  great  discovery,  as  Boyle  did  in  this  case, 
and  yet  entirely  pass  it  by.  Boyle  was  regarding 
these  phenomena  entirely  from  the  standpoint  of  a 
chemist,  and  was,  therefore,  satisfied  with  the  ex- 
planation that  the  silver  left  the  aqua  fortis,  or  nitric 
acid,  as  we  call  it  to-day,  to  unite  with  the  copper, 
on  which,  as  he  says  in  the  first  paragraph  of  the 
above  quotation,  it  could  more  readily  work. 

Just  how  long  before  the  time  of  Boyle  such  phe- 
nomena were  generally  known,  it  is  impossible  to 
say.     There  would  seem,  however,  to  be  but  little 
doubt,  that  very  long  before  this  time,  many  of  the 
alchemists  employed  similar  processes  in  their  en- The 
deavors  to  change  the  baser  metals  into  gold.     In-paSff 
deed,  in  some  old  works  on  the  subject,  we  are  told  tion?f?ron 
that   certain   well-known    alchemists   had   actually  and  suw^ 
succeeded  in  transmuting  a  bar  of  iron  into  a  bar 


of  copper  by  merely  dipping  it  into  a  liquor  obtained 
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from  an  old  copper  mine.  Only,  as  the  narrative 
naively  goes  on  to  state,  this  transmutation  was  not 
complete,  and  only  affected  the  surface  of  the  iron. 
di^^aJT"  ^  we  know  to-day,  there  had  occurred  an  electro- 
depoait.  chemical  deposit  by  the  mere  act  of  dipping  the  iron 
into  the  copper  solution.  Other  statements,  from 
similar  sources,  lead  us  to  believe  that,  in  a  similar 
manner,  gold  had  been  deposited  upon  the  surface 
of  silver  or  copper,  and  that  dishonest  alchemists 
had  employed  this  process  for  the  purpose  of  mis- 
leading the  credulous. 

In  addition  to  the  above  references  as  to  early 
phenomena  in  electro-chemistry,  there  are  a  number 
of  well-known  experiments  in  chemistry  that  are 
based  on  electro-chemical  decompositions.  One  of 
these,  called  the  experiment  of  the  lead  tree,  may  be 
readily  tried  as  follows:  Dissolve  in  water  a  small 
quantity  of  sugar  of  lead  or  acetate  of  lead.  This 
is  a  poisonous  substance,  and  should  not  be  left 
where  ignorant  people  may  injure  themselves  with 
it  Place  the  solution  in  a  clear  glass  jar  and  sus- 
pend in  it  a  piece  of  clean  sheet  zinc,  by  means  of 
a  thread,  so  that  it  will  be  surrounded  on  all  sides 
by  the  solution.  In  a  short  time  a  deposit  of  me- 
tallic lead,  in  the  shape  of  bright,  shining  scales,  will 
appear  on  the  surface  of  the  zinc.  These  shining 
particles  so  cling  to  the  surface  of  the  zinc  plate  and 
to  one  another,  that  the  shapes  assumed  are  not 
unlike  the  branches  and  leaves  on  the  tree.  Hence 
the  name  of  the  experiment.  In  a  similar  manner 
other  metals,  such  as  silver  and  tin,  can  be  deposited 
in  tree-like  forms  from  their  solutions,  by  the  action 
of  weak  electric  currents. 

But  in  addition  to  the  above  phenomena,  there 
were  other  evidences  of  electro-chemical  action  tak- 
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ing  place,  not  on  the  limited  scale  with  which  such 
experiments  are  carried  on  in  the  laboratory,  but  on  SSSii 
the  larger   scale  on   which   nature   operates.     ASJSiuicr- 
Frenchman,  named  Becquerel,  showed  that  metals  ^^'^  ^*^' 
and  their  ores  have,  in,  perhaps,  the  great  majority 
of  cases,  been  deposited  in  veins  in  the  rocks  by  the 
l<Mig-continued  action  of  weak  electric  currents  on 
the  solution  of  metals  that  highly  heated  waters  have 
brought  up  from  considerable  depths.  Becquerel  sue-  ^S2  «ri- 
ceeded,  on  a  minute  scale  in  the  laboratory,  in  carry-  SSfcrOTa^* 
ing  on  what  nature  was  doing  on  so  grand  a  scale  ^**"*' 
in  the  rocks  of  the  earth's  crust.     In  one  experiment, 
he  partly  filled  a  glass  tube  with  a  solution  of  nitrate 
of  copper,  then  throwing  a  few  crystals  of  copper 
oxide  to  the  bottom  of  the  vessel,  he  placed  a  smaU 
plate  of  copper  in  the  solution,  and  hermetically 
sealed  the  tube.     At  the  end  of  a  few  days  beautiful 
red  crystals  of  copper  oxide  were  formed  by  the 

#.    «  «       r         .  «  1     «  1    Artificially 

action  of  the  weak  electric  current  produced  through  formed 
the  mutual  action  of  the  substances  in  the  tube.     In  ofcopper 
a  similar  manner  Mr.  Crosse,  of  England,  formed  °* 
beautiful  transparent  crystals  of  carbonate  of  lime 
on  the  surface  of  a  piece  of  slate  immersed  in  spring 
water.     He  wound  a  platinum  wire,  connected  with 
the  negative  terminal  of  a  small  voltaic  cell,  around 
the  slate,  and  then  placed  near  it,  in  the  water,  a 
mass  of  mag^esian  limestone,  around  which  was  Crosse's 
wrapped  a  second  platinum  wire  connected  with  the 
positive  terminal  of  the  cell.     After  a  long  time, 
the  prolonged  action  of  the  current  caused  crystals 
to  form  on  the  surface  of  the  slate. 

In  1762,  Sulzer,  to  whom  we  have  already  referred 
in  connection  with  the  voltaic  cell,  observed  that  a 
peculiar  sensation  was  produced  when  plates  of 
silver  and  lead  were  placed  respectively  above  and 
below  the  tongue  with  their  ends -in  contact.     He 
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does  not  appear,  however,  to  have  referred  this  fact 
suiier.      to  i^  true  cause — the  production  of  an  electric  cur- 
rent ;  and  he,  too,  lost  the  opportunity  of  making  a 
great  discovery. 

Passing  now  from  these  earlier  and  unrecognized 
effects  of  electro-chemistry,  we  come  to  the  consider- 
ation of  phenomena  that  were  correctly  regarded  as 
of  electro-chemical  origin. 

The  power  possessed  by  an  electric  discharge  from 
the  ordinary  frictional  electric  machine  to  produce 
electric  decomposition  was  known  before  the  inven- 
tion of  the  voltaic  pile.  Leaving  out  of  considera- 
tion such  chemical  phenomena  as  the  ignition  of 
gases  by  the  passage  of  an  electric  spark,  or  the  oxi- 
dation of  metallic  substances  during  their  electric 
deflagration,  which  were  effects  merely  produced  by 
?<SSSiof  increase  of  temperature,  we  find  that,  as  early  as 
L?ydinijar  ^79^f  Paetz,  Van  Troostwick,  and  Deiman  discov- 
^*****^**-  ered  that  the  Leyden-jar  discharge  was  capable  of 
decomposing  water.  In  this  experiment,  the  dis«- 
charge  was  passed  through  the  water  by  means  of 
fine  gold  wires.  Very  powerful  discharges  were 
necessary,  and  the  small  quantities  of  constituent 
gas  collected  showed  that  the  amount  of  decomposi- 
tion had  been  very  limited. 

In  1 80 1,  Dr.  WoUaston,  a  short  time  after  the  in- 
vention of  the  voltaic  pile,  so  modified  the  above  ex- 
periment of  Paetz,  Van  Troostwick,  and  Deiman,  that 
he  was  able  to  decompose  water  by  means  of  electric 
discharges  from  ordinary  frictional  machines  with- 
out the  aid  of  Leyden  jars.  WoUaston  accomplished 
this  by  sealing  the  gold  wires,  that  led  the  current 
into  and  out  of  the  water,  in  capillary  glass  tubes, 
only  leaving  the  ends  of  the  wires  exposed.     In  this 
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manner  he  was  able  to  decompose  water  by  sparks 
only  one-tenth  of  an  inch  in  length,  from  points  of 
gold  wire  only  one-thousandth  of  an  inch  in  diame- 


ter.    As  the  water  was  decomposed,  gases  wereJcSSmSis 
evolved  from  each  of  the  gold  wires  and  collected  SSo^om 
in  separate  vessds.     In  all  cases,  however,  both^^** 
hydrogen  and  oxygen  gas  were  found  in  each  of  "■**^** 
the  glass  vessels,  so  that  in  this  respect,  as  Wol- 
laston  himself  acknowledges,  a  difference  exists  be- 
tween the  decomposition  produced  by  a  current  from 
a  voltaic  pile  which  produced  the  constituent  gases 
separately  and  unmixed. 

It  was  the  invention  of  the  voltaic  cell  that  may 
be  said  practically  to  have  started  the  science  of 
electro-chemistry.  For,  as  we  have  seen,  very  little 
was  accurately  known  before  this  time.  As  soon 
as  the  genius  of  Volta  had  placed  in  the  hands  of 
scientific  men  a  means  of  readily  obtaining  continu-  Nicholson 
ous  and  powerful  electric  currents,  investigators  inSSiSjiSi* 
different  parts  of  the  world  almost  immediately  em-  I![*toi****' 
ployed  this  new  agency  in  different  fields  of  researdi. 
Although  it  was  only  on  the  26th  of  June,  1800,  that 
Sir  Joseph  Banks  made  public  the  details  of  Volta's 
invention  to  the  Royal  Society  of  London,  yet,  on  the 
2d  of  May,  in  the  same  year,  Nicholson  and  Carlisle, 
in  England,  constructed  a  voltaic  battery  consisting 
of  thirty-six  English  half-crowns  alternating  with 
as  many  disks  of  zinc  and  pasteboard  soaked  in  salt 
water.  With  the  current  produced  by  this  pile,  they 
succeeded  in  decomposing  water,  and  in  separately 
collecting  the  hydrogen  and  oxygen  gases  resulting 
from  such  decomposition.  They  thus  described  this 
great  discovery  in  the  **Joumal  of  Natural  Philoso- 
jrfiy  and  Chemistry,"  published  in  London  in  1801 : 

"In  all  these  experiments  it  was  observed  that  the 
action  of  the  instrument  was  freely  transmitted 
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through    the   usual   conductors   of   electricity,   but 
stopped  by  glass  and  other  non-conductors.     Very 
and^cl^Uie  early  in  this  course,  the  contacts  being  made  sure 
thl^lsMw-  by  placing  a  drop  of  water  upon  the  upper  plate,  Mr. 
the  d^e?oin-  Carlisle  observed  a  disengagement  of  gas  round  the 
w?t»!"^'  touching  wire.     This  gas,  though  very  minute  in 
quantity,  evidently  seemed  to  me  to  have  the  smdl 
afforded  by  hydrogen  when  the  wire  of  ccMnmunica- 
tion  was  steel.     This,  with  some  other  facts,  led  me 
to  propose  to  break  the  circuit  by  the  substitution  of 
a  tube  of  water  between  two  wires.     On  the  2d  of 
May  we,  therefore,  inserted  a  brass  wire  through 
each  of  two  corks  inserted  in  a  glass  tube  of  half  an 
inch  internal  diameter.     The  tube  was  filled  with 
new  river  water,  and  the  distance  between  the  points 
of  the  wires  in  the  water  was  one  inch  and  three- 
quarters.     This  compound  discharger  was  applied 
so  that  the  external  ends  of  its  wire  were  in  contact 
with  the  two  extreme  plates  of  a  pile  of  thirty-six 
half  crowns  with  the  corresponding  pieces  of  zinc 
and  pasteboard.     A  fine  stream  of  minute  bubbles 
immediately  b^^n  to  flow  from  the  point  of  the 
lower  wire  in  the  tube,  which  communicated  with 
the  silver,  and  the  opposite  point  of  the  upper  wire 
became  tarnished,  first  deep  orange,  and  then  black. 
On  reversing  the  tube,  the  gas  came  from  the  other 
point,  which  was  now  lowest,  while  the  upper,  in  its 
turn,  became  tarnished  and  black.     Reversing  the 
tube  again,  the  phenomena  again  changed  their  or- 
der.    In  this  state  the  whole  was  left  for  two  hours 
Electro,     and  a  half.     The  upper  wire  gradually  emitted  whit- 
effcas^ro-  ish,  filmy  clouds,  which,  toward  the  end  of  the  proc- 
rrnrab^    CSS,  became  of  a  pea-green  color,  and  hung  in  per- 
of^cSxcBt.  pendicular  threads  frcmi  the  extreme  half  inch  of  the 
wire,  the  water  being  rendered  semi-opaque  by  what 
fell  off,  and  in  a  great  part  lay,  of  a  pale  green,  on 
the  lower  surface  of  the  tube,  which,  in  this  disposi- 
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tion  of  the  apparatus,  was  inclined  about  forty  de- 
grees to  the  horizon.  The  lower  wire,  of  three-quar- 
ters of  an  inch  long,  constantly  emitted  gas,  except 
when  another  circuit,  or  complete  wire,  was  applied 
to  the  apparatus;  during  which  time  the  emission  of 
gas  was  suspended.  When  this  last  mentioned  wire 
was  removed,  the  gas  reappeared  as  bef<M-e,  not  in- 
stantly, but  after  the  lapse  of  four  beats  of  a  half- 
second  clock  standing  in  the  room.  The  product 
of  gas  during  the  whole  two  hours  and  a  half  was 
two-thirtieths  of  a  cubic  inch.  It  was  then  mixed 
with  an  equal  quantity  of  common  air,  and  exploded 
by  the  application  of  a  lighted  wax  thread. 

''It  might  seem  almost  unnecessary  to  have  re- 
versed the  order  of  the  pile  in  building  up,  as  revers- 
ing the  tube  must  have  answered  exactly  the  same 
purpose.  We  chose,  however,  to  do  this,  and  found 
that  when  tiie  zinc  was  at  the  bottom,  its  effects  were 
reversed;  that  is  to  say,  the  gas  still  came  from  the 
wire  communicating  with  the  silver,  etc. 

''We  had  been  led  by  our  reasonings  on  the  first 
appearance  of  hydrogen,  to  expect  a  decomposition 
of  the  water;  but  it  was  with  no  little  surprise  wesepumte 
found  the  hydrogen  extricated  at  the  contact  with  of  hS^Voges 
one  wire,  while  the  oxygen  fixed  itself  in  aMnbina-*^***^"*" 
tion  with  the  other  wire  at  the  distance  of  almost 
two  inches.     This  new  fact  still  remains  to  be  ex- 
plained, and  seems  to  point  to  some  general  law  of 
the  agency  of  electricity  in  chemical  operations.'' 

When  it  is  desired  to  collect  the  gases  evolved 
during  the  decomposition  of  water  separately,  a  form 
of  apparatus,  called  the  voltameter,  shown  in  Fig.  fSilF^S? 
I,  is  employed.  Here  the  battery  terminals  are^°*^* 
connected  with  small  plates  of  platinum  that  are 
immersed  in  water  to  which  a  small  quantity  of 
sulphuric  acid  has  been  added.     Glass  tubes  H  and 
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O,  also  filled  with  the  acid  and  water,  are  placed 
over  the  platinum  plates.  On  the  passage  of  the 
electro-current,  hydrogen  appears  in  the  tube  placed 
over  the  cathode  or  negative  terminal  of  the  battery, 
and  oxygen  over  the  plate  connected  with  the  anode 
or  positive  terminal  of  the  battery.  The  volume  of 
the  hydrogen  liberated  is  twice  that  of  the  oxygen. 


Fko.  z.«Siilphttric  Add  Voltameter.    Note  the  connections  of  the  hattery  with 
the  tuba  in  which  the  oxygen  and  the  hydrogen  are  reapectirely  liberated. 

It  was  formerly  thought  that  the  effect  of  adding 
sulphuric  acid  to  the  water  in  which  electro-chemical 
decomposition  was  occurring,  was  merely  to  lower 

Pure  water  ..         «      .    •  •  ^  t*^    •  t_ 

not  capable  its  electnc  rcsistancc.  It  is  now,  however,  gcner- 
?hemicia^  ally  bdieved  that  pure  water  is  a  non-conductor  of 
8it?on?'^  electricity,  and  can  not  be  directly  decomposed  into 
its  constituent  gases;  that  when  sulphuric  acid  is 
present  it  is  this  substance  which  is  decomposed, 
hydrogen  being  directly  liberated,  and  the  acid  be- 
ing subsequently  decomposed  by  the  water  and  lib- 
erating its  oxygen. 

The  announcement  of  the  power  of  electricity  to 
decompose  chemical  substances  produced  great  ex- 
citement in  liie  scientific  world,  and  hosts  of  experi- 
immoitaj    meuters  entered  this  attractive  field  of  research.    It 
of  sodium,  was  at  first  believed  that  new  substances  were  pro- 

and  po>  '^ 

tassium.  duced  by  the  action  of  the  electric  current,  but  care- 
ful researches,  conducted  by  many  investigators, 
especially  by  Davy,  proved  liiat  the  action  of  the 
current  was  not  to  produce  new  substances,  but 
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merely  to  liberate  substances  that  were  already  pres- 
ent in  the  bodies  acted  on.  Davy  carried  on  an 
extended  series  of  researches  in  the  domain  of  elec- 
tro-chemistry, and,  in  1807,  announced  to  the  Royal 
Society  of  London  his  immortal  discovery  that 
potash,  which  had  before  been  regarded  as  an  ele- 
mentary substance,  was  composed  of  the  hitherto 
undiscovered  metallic  element,  potassium,  combined 
with  oxygen.  Shortly  afterward  he  extended  this 
discovery,  and  showed  that  nearly  the  entire  crust 
of  the  earth  was  formed  of  elementary  metallic  sub- 
stances combined  with  oxygen.  Davy  gives  the  fol- 
lowing description  of  this  great  discovery  in  a  paper 
which  he  read  before  the  Royal  Society  of  London 
in  1808: 

"The  researches  I  had  made  on  the  decomposition 
of  acids,  and  of  alkaline  and  earthy  neutral  com- 
pounds, proved  that  the  powers  of  electrical  decom- 
position were  proportional  to  the  strength  of  the 
opposite  electricities  in  the  circuit,  and  to  the  con- 
ducting power  and  degree  of  concentration  of  the 
materials  employed.  .... 

"The  presence  of  water  appearing  thus  to  prevent 
any  decomposition,  I  used  potash  in  igneous  fusion. 
By  means  of  a  stream  of  oxygen  gas  from  a  gasom- 
eter applied  to  the  flame  of  a  spirit  lamp,  which  was  ciSn?" 
thrown  on  a  platina  spoon  containing  potash,  thisde^po- 
alkali  was  kept  for  some  minutes  in  a  strong,  red"**^"*" 
heat,  and  in  a  state  of  perfect  fluidity.     The  spoon 
was  preserved  in  communication  with  the  positive 
side  of  the  battery  of  the  power  of  100  of  6  inches, 
highly  charged,  and  the  connection  with  the  negative 
wire  was  made  by  a  platina  wire. 

"By  this  arrangement  some  brilliant  phenomena 
were  produced.  The  potash  appeared  a  conductor 
in  a  high  degree,  and  as  long  as  the  communication 
was  preserved,  a  most  intense  light  was  exhibited 
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at  the  negative  wire,  and  a  column  of  flame,  which 
seemed  to  be  owing  to  the  development  of  oombusti- 
ble  matter,  arose  from  the  point  of  contact    .... 
"A  small  piece  of  pure  potash,  which  had  been 
exposed  for  a  few  seconds  to  the  atmosphere,  so  as 
to  give  conducting  power  to  the  surface,  was  placed 
mStt  on    upon  an  insulated  disk  of  platina,  connected  to  the 
pure  poush  nj^jative  side  of  the  battery  of  the  power  of  250  of 
6  and  4,  in  a  state  of  intense  activity ;  and  a  platina 
wire,  communicating  with  the  positive  side,  was 
brought  in  contact  with  the  upper  surface  of  the 
alkali.     The  whole  apparatus  was  in  the  open  at- 
mosphere. 

"Under  these  circumstances  a  vivid  action  was 
soon  observed  to  take  place.  The  potash  began  to 
fuse  at  both  its  points  of  electrization.  There  was 
obuina  a  violent  efferescence  at  the  upper  surface;  at  the 
pot^um.  tower,  or  negative  surface,  there  was  no  liberation 
of  elastic  fluid;  but  small  globules  having  a  high 
metallic  lustre,  and  being  precisely  similar  in  visi- 
ble characters  to  quicksilver,  appeared,  some  of 
which  burned  with  explosion  and  bright  flame  as 
soon  as  they  were  formed,  and  others  remained,  and 
were  merely  tarnished,  and  finally  covered  by  a 
white  film,  which  formed  on  their  surfaces. 

"These  globules  numerous  experiments  soon 
showed  to  be  the  substance  I  was  in  search  of,  and 
a  peculiar  inflammable  principle  the  basis  of  potash. 
I  found  that  the  platina  was  in  no  way  connected 
with  the  result,  except  as  the  medium  for  exhibit- 
ing the  electrical  powers  of  decomposition;  and  a 
substance  of  the  same  kind  was  produced  when  a 
piece  of  copper,  silver,  gold,  plumbago,  or  even  char- 
coal, was  employed  for  completing  the  circuit. 

"The  phenomenon  was  independent  of  the  pres- 
ence of  air ;  I  found  that  it  took  place  when  the  alkali 
was  in  a  vacuiun  of  an  exhausted  receiver. 
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"The  substance  was  likewise  produced  from  potash 
fused  by  means  of  a  lamp,  in  glass  tubes  confined  by 
mercury,  and  furnished  with  hermetically  inserted 
platina  wires  by  which  the  electrical  action  wasSlbSP^" 
transmitted.  But  this  operation  could  not  be  car-JSJ^ 
ried  on  for  any  considerable  time ;  the  glass  was  rap- 
idly dissolved  by  the  action  of  the  alkali,  and  this 
substance  soon  penetrated  through  the  body  of  the 
tube. 

"Soda,  when  acted  upon  in  the  same  manner  as 
potash,  exhibited  an  analogous  result;  but  the  de- 
composition demanded  greater  intensity  of  action  in 
the  batteries,  or  the  alkali  was  required  to  be  in 
much  thinner  and  smaller  pieces.  With  the  battery  obtains 
of  lOO  of  6  inches,  in  full  activity,  I  obtained  goodSSu^ 
results  from  pieces  of  potash  weighing  from  40  to 
70  grains,  and  of  a  thickness  which  made  the  dis- 
tance of  the  electrified  metallic  surfaces  nearly  a 
quarter  of  an  inch ;  but  with  a  similar  power  it  was 
impossible  to  produce  the  effects  of  decomposition 
on  pieces  of  soda  of  more  than  15  to  20  grains  in 
weight,  and  that  only  when  the  distance  between  the 
wires  was  about  }i  or  i-io  of  an  inch." 
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CHAPTER   II 

ELECTROLYSIS 

"This  electrical  force  between  two  atoms  at  any  distance 
is  ten  thousand  million  billion  billion  times  greater  than  their 
gravitative  attraction  at  the  same  distance.  The  force  has  an 
intensity,  per  unit  mass  (and,  therefore,  is  able  to  produce  an 
acceleration),  nearly  a  trillion  times  greater  than  that  of  ter- 
restrial gravity  near  the  earth's  surface." — Modem  Views  of 
Electricity:  Ouver  Lomai 

BETWEEN  the  years  183 1  and  1840,  Faraday 
conducted  a  series  of  investigations  on  the 
phenomena  of  chemical  decomposition  by 
the  electric  current,  which  resulted  in  a  great  in- 
crease in  our  knowledge  of  this  branch  of  science. 
Some  controversy  had  existed  between  scientific  men 
d^cilai  as  to  the  exact  point  in  the  electric  circuit  where 
sitioQ  ap.  electro-decomposition  takes  place.  At  first,  nearly 
^a^at  ^''  investigators  believed  that  the  decomposition  oc- 
poies  only,  curred  at  the  poles  or  terminals  of  the  battery,  where 
the  wires  were  dipped  in  the  liquid  solution  to  be 
decomposed.  For  example,  when  hydrogen  and  oxy- 
gen were  separated  by  the  passage  of  an  electric  cur- 
rent through  water  containing  sulphuric  acid,  and 
the  hydrogen  and  oxygen  appeared  at  the  negative 
and  positive  poles  of  the  battery,  respectively,  they 
believed  that  these  poles  acted  somewhat  after  the 
manner  of  a  magnet  in  drawing  apart  or  separating 
the  constituent  elements  of  the  water,  the  hydro- 
gen, an  electro-positive  element,  being  apparently 
drawn  to  the  negative  pole,  and  the  oxygen,  an 
electro-negative  element,  to  the  positive  pole.  At 
the  same  time  a  repulsion  was  also  believed  to  exist 
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at  the  poles,  the  positive  pole  apparently  driving  or 
repelling  the  positive  hydrogen  toward  the  negative  J^m^^^- 
pole,  and  the  negative  pole  similarly  repelling  the  p^JJ  whew 
negative  oxygen  toward  the  positive  pole.     Faraday  ciSS5»i 
rejected  this  belief,  and  pointed  out  the  fact  that  it  uoS"uS'' 
was  not  at  the  poles  of  the  battery,  but  rather  within  ******* 
the  mass  of  the  substance  undergoing  decomposition, 
that  the  sq>aration  occurred. 

For  the  purpose  of  avoiding  uncertainty  by  a  con- 
tinuance of  the  words  in  common  use,  Faraday  sug- 
gested the  use  of  the  following  new  words :  for  the  yji^ind" 
general  process  of  decomposition  of  a  substance  bySSiylc?' 
electricity,  electrolysis;  for  the  material  that  is  thus 
broken  up,  the  electrolyte;. for  that  terminal  of  the 
voltaic  battery  which  is  connected  with  the  positive  kSSSde"^ 
pole,  the  anode,  and  for  that  terminal  which  is  con- 
nected with  the  negative  pole  of  the  battery,  the  kath- 
ode; or,  as  it  is  sometimes  written,  cathode;  for  the 
separate  atoms,  or  groups  of  atoms,  into  which  theiStoMLui 
molecules  of  the  electrol3rte  are  separated,  the  ions ;  ^^^^^ 
the  ion  which  appears  at  the  anode  to  be  called  the 
anion,  and  that  which  appears  at  the  kathode  to  be 
called  the  kathion.     Since  it  is  the  electro-negative 
ions  that  appear  at  the  anode,  or  electro-positive  ter- 
minal, the  anions  are  necessarliy  electro-negative 
ions,  or  radicals;  while  for  the  same  reason  the 
kathions  are  electro-positive  ions. 

As  a  result  of  extensive  researches  in  electro-chem- 
istry, Faraday  established  the  fact  that,  during  any  Amount  of 
electro-chemical  decomposition,  the  amount  of  the^j,^*!^, 
electrolyte  decomposed  depends  only  on  the  amount  li^n  SlpJinl 
of  electricity  that  has  passed,  and  is  not  affected  by  JS^uant^ty 
changes  in  the  size  of  the  electrodes,  or  by  the  de-  Jy  pSSSlf. 
g^ee  of  dilution  of  the  electrol3rte.     Consequently, 
if  a  current  of  one  ampere,  or  one  coulomb  of  dec- 
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tricity  per  second,  in  a  certain  time,  liberates  a  cer- 
tain amount  of  copper  from  a  solution  of  copper 
sulphate,  then  two  amperes  will,  in  the  same  time 
and  under  the  same  conditions,  liberate  twice  as 
much  copper,  and  three  amperes,  three  times  as 
much,  etc,  Faraday  also  showed,  where  several 
dectrolytic  cells,  or  vessels  in  which  chemical  de- 
composition is  taking  place,  are  connected  in  series, 
in  the  same  circuit,  so  that  the  same  quantity  of 
electricity  passes  through  each,  that  if  they  all  con- 
tain a  solution  of  copper  sulphate,  exactly  tfie  same 
quantity  of  copper  will  be  deposited  in  each  cell; 
but  that  if  one  of  these  cells  contains,  say,  a  solution 
of  copper  sulphate,  and  the  other  water  acidified 
with  sulphuric  acid,  that  the  weights  of  the  copper 
?fo^^  and  hydrogen  liberated  will  not  be  the  same  in 
drogenifb-  cach  ccll,  but  will  be  in  different  amounts;  i.e.,  in 
oTCwi?^  proportion  to  the  chemical  equivalents.  For  exam- 
iiStrfdty.  pie,  one  coulomb  of  electricity  will  liberate  .0003281 
grammes  of  copper  from  a  solution  of  copper  sul- 
phate, and  .00001038  grammes  of  hydrogen  from 
water  containing  sulphuric  acid.  That  is,  a  weight 
of  copper  31.59  times  greater  than  that  of  hydro- 
gen will  be  liberated.  This  is  the  proportion  of 
the  chemical  equivalents  of  copper  to  hydrogen,  or 
as  31.49  is  to  I.  This  will  be  equivalent  to  1.181 
grammes  of  copper  per  hour,  or  .0373  grammes  of 
hydrogen  per  hour. 

Since  the  amount  of  electro-chemical  decomposi- 
tion is  thus  entirely  dependent  upon  the  quantity  of 
sulphuric  electricity  that  passes,  electro-chemical  decomposi- 
lamcter.  tiou  may  be  employed  as  a  means  for  measuring  the 
quantity  of  electricity  that  passes  in  a  given  time  in 
any  circuit.  The  sulphuric  acid  voltameter,  de- 
scribed in  connection  with  Fig.  308,  is  employed  for 
this  purpose.     A  more  convenient  form  of  voltame- 
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ter,  however,  consists  in  an  instrument  called  the 
copper  voltameter,  in  which  a  solution  of  copper  sul- 
pbate  is  dectroljrzed  by  passing  the  current  to  be 
measured  between  two  plates  of  copper  immersed  in 
a  solution  of  copper  sulphate.  During  this  passage 
the  copper  is  slowly  dissolved  from  the  plate  con- 
nected with  the  anode,  and  deposited  on  the  plate  ^^Sg^T^'' 
connected  with  the  kathode.  By  ascertaining  the 
increase  in  the  weight  of  the  kathode,  the  amount  of 
current  that  has  passed  in  a  given  time  can  be  read- 
ily calculated,  since,  for  every  .0003281  grammes  of 
copper  deposited,  one  coulomb  of  dectricity  has 
passed.  Edison's  dectro-chemical  meter,  already 
referred  to  in  connection  with  the  discussion  of  the 
incandescent  lamp,  is  based  on  this  principle. 

It  will  be  well  to  call  attention  here  to  the  fact 
that  all  substances  are  composed  of  a  very  great 
number  of  separate  atoms,  or  groups  of  atoms,  called 
radicals  or  ions;  that  the  molecules  are  formed  by^iS^" 
the  union  or  combination  of  an  dectro-positive  atom  S^uS?*^^ 
or  group  of  atoms  with  an  electro-negative  atom  or  Stoms,  SiS, 
group  of  atoms ;  and  that,  when  an  electrolyte  is  de-  ^ 
composed  into  its  constituent  atoms  or  radicals,  or 
what  Faraday  called  ions,  the  dectro-positive  atom, 
radical,  or  ion,  appears  at  the  negative  terminal,  or 
kathode,  while  the  electro-negative  atom,  radical,  or 
ion,   appears   at  the  dectro-positive   terminal,   or 
anode.     As  a  rule,  hydrogen,  and  the  metals  gen-causcof 
erally,  act  as  dectro-positive  atoms  or  ions,  while  ^jjjt^* 
acid  substances,  oxygen,  chlorine,  and  the  non-me- 
tallic substances,  generally  act  as  electro-negative 
at<Mns,  ions,  or  radicals. 

It  was  formerly  beKeved — since,  whenever  elec- 
tr<Jysis  occurs,  the  molecules  of  the  electrol3rte  are 
broken  up  into  groups  which  appear  at  the  opposite 
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poles  of  the  voltaic  cell  furnishing  the  decomposing 
current — ^that  the  cause  of  such  electro-chemical  de- 
•     composition  was  the  superior  and  stronger  attrac- 
tion which  the  poles  of  the  decomposing  source 
fh^iai     exerted  on  the  opposite  atoms  or  ions  than  that 
dtSirff"    which  they  exerted  on  each  other.     Such  views, 
^oMted   however,  were  afterward  modified,  not  only  by  rea- 
son of  the  great  length  of  the  liquid  path  through 
which  such  decomposition  can  take  place,  but  also  by 
reason  of  the  curious  fact  that  the  atoms  or  ions  are 
liberated  only  at  the  free  ends  of  such  liquid  paths 
where  the  positive  or  negative  terminals  of  the  de^ 
composing  source  are  connected  with '  the  liquid. 


▼essclB. 


Pig.  a.— Blectfo-chemical  Decomposition  in  SiphOD-connected  Vessels. 

Take,  for  example,  the  experiment  shown  in  Fig. 
2,  where  the  platinum  wires  +  and  —  connected 
with  the  voltaic  battery  are  inserted,  as  shown  in 
two  of  the  three  glasses  represented.  These  glasses 
are  connected  by  means  of  a  bent  mass  of  asbestos 
or  paper  moistened  with  the  same  solution  as  was 
placed  in  the  glasses ;  in  this  case  a  solution  of  copper 
sulphate.  When  under  these  circumstances  a  cur- 
rent passes  through  the  circuit  entering  at  C,  and 
passing  out  at  A,  and  being  connected  from  one  glass 
to  another  through  the  arched  masses  of  asbestos 
or  moistened  paper,  metallic  copper  appears  at  the 
terminal  in  A  and  an  acid  in  that  in  C,  apparently  no 
change  occurs  in  the  intermediate  glass  B.  More- 
over, if  in  place  of  the  solution  of  copper  sulphate, 
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a  scdntioa  of  sulphate  of  soda,  colored  with  a  veg<e- 
table  blue,  is  placed  in  all  the  glasses,  and  employed 
to  moisten  the  connecting  bands  of  asbestos  or 
paper,  on  the  passage  of  the  current,  the  n^;ative^^^^ 
radical,  in  this  case  an  add,  appears  at  C  only,  where  ^^{^^ 
it  turns  the  blue  solution  red;  and  soda,  the  posi-^^^— 
tive  radical,  appears  at  A  only,  where  it  turns  the^^^^^' 
liquid  green.     Apparently  no  effect  whatever  is  pro-  "*"' 
diiced  in  the  liquid  in  the  intennediate  glass  B,  which 
retains  its  blue  color. 

In  view  of  the  above  experiment,  it  was  argued 
that  in  such  cases  of  electrochemical  decompositicHi, 
there  is  a  chain  of  polarized  molecules  extaiding 
between  the  anode  and  the  kathode. 


Pig.  },— HrpolliC"*  °t  GrEttbiu*  as  to  Nature  at  Blectrolrila. 

In  this  connection,  in  1805,  Grotthuss  suggested 
the  following  hypothesis  to  account  for  the  phenom-  ^p^ 
ena  of  electrolysis.     Let  A,  B,  Fig.  3,  represent,  GrtBii<». 
respectively,  the  anode  and  the  kathode  of  a  decom-  iroijrri*. 
posing  cell  containing  hydrochloric  acid,  a  substance 
formed  by  the  combination  of  hydrogen  and  chlorine. 
Before  the  passage  of  the  current,  the  molecules  have 
no  definite  arrangement,  some  of  them  being  turned 
in  one  direction  and  scrnie  in  another.     This  is  rep- 
resented in  the  row  of  molecules  at  i.  As  soon  as  the 
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terminals  of  the  battery  are  inserted  in  the  liquid, 
a  polarization  occurs.     All  the  negative  sides  of  the 
molecules  are  turned  toward  the  anode  or  positive 
terminal,and  all  the  positive  sides  toward  the  kathode 
LibcraUon  cw  negative  terminal,  as  indicated  at  2  in  the  figure. 
?aciiS3^    When  decomposition  occurs,  the  freed  atoms  of  hy- 
kSithSe**   drogen  and  chlorine  are  liberated  at  the  surfaces  of 
SSfyfaS?  the  negative  and  positive  terminals  respectively ;  the 
o?S^*^  hydrogen  atoms  in  the  molecules  that  are  in  contact 
jSS^d"*  with  the  negative  terminal,  are  liberated  at  the  sur- 
****"*       face  of  such  terminal,  and  the  chlorine  atoms,  with 
which  they  were  formerly  united,  enter  into  com- 
bination with  the  hydrogen  of  the  molecules  that 
are  next  in  the  chain  between  the  electrodes;  the 
freed  atoms  of  chlorine  in  these  molecules,  in  a 
similar  manner,   enter  into  combination  with  the 
hydrogen  atoms  of  tfie  next  molecule  in  the  chain. 
This  process  is  carried  on  throughout  the  entire 
chain,  until  the  atoms  of  chlorine  at  the  end  of  the 
chain,  having  no  freed  atoms  of  hydrogen  with 
which  to  combine,  are  liberated  at  the  surface  of  the 
positive  terminal. 

Grotthuss'  theory,  which  was  proposed  in  1805, 
was  generally  accepted  by  scientific  men  for  many 
years.     Now,  however,  it  is  universally  rejected. 

In  1857,  Clausius  pointed  out  the  fact  that  Grot- 
thuss' theory  is  not  in  strict  accordance  with  our 
aucsUooB  ideas  of  the  conservation  and  transformation  of  en- 
thMstheory  ergy.  He  showed  that  if  this  theory  were  correct,  an 
electrolytic  solution  could  not  become  a  conductor 
of  electricity  until  the  energy  of  the  current  was  suf- 
ficient to  effect  the  decomposition  of  the  molecules, 
and  that,  moreover,  where  this  decomposition  was 
effected  the  flow  of  current  should  suddenly  become 
great,  many  molecules  being  simultaneously  decom- 
posed at  this  time. 
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Now,  as  is  well  known,  when  the  electrodes  of 
the  same  metal,  say  of  copper  immersed  in  a  solution 
of  copper,  say  of  copper  sulphate,  have  an  electric 
current  sent  between  them  through  the  copper  solu- 
tion, the  metal  is  deposited  on  one  of  the  electrodes 
and  dissolved  from  the  other  when  an  amount  of  en-  The 
ergy  is  expended  by  the  electrolyzing  current  that  is  "  "    *^ 


far  less  than  that  which  Grotthuss'  theory  would 
quire.  He  therefore  concluded  that  the  ions  of  the 
electroljrte,  or  at  least  some  of  the  ions,  must  exist 
in  a  free  or  uncombined  condition,  free  to  move 
through  the  electrolytic  solution  before  the  electro- 
lyzing current  is  applied.  In  his  opinion,  this  cur- 
rent does  not  cause  the  decomposition,  but  merely 
directs  the  free  ions  in  their  movements  toward  the 
opposite  electrodes. 

Hittorf  was  another  objector  to  Grotthuss*  theory, 
and  about  the  time  of  Clausius  b^^an  his  studies  on 
what  he  termed  the  "migration  of  the  ions,"  or  their 
movements  toward  the  opposite  electrode  of  the  elec- 
trolyzing source. 

In  1 88 1,  H.  von  Helmholtz,  in  the  Faraday  lec- 
ture, delivered  in  London,  laid  the  foundation  of  a 
new  electro-chemical  theory  which  brings  the  facts 
of  Faraday's  theory  into  accord  with  later  views. 
Helmholtz  asserted  that  when  an  electrolytic  circuit  h^^^,^^ 
is  closed,  the  kathions,  which  are  charged  with  posi-  J^f *«F- 
tive  electricity,  are  attracted  to  the  kathode,  and 
the  anions,  which  are  charged  with  negative  electric- 
ity, are  similarly  attracted  to  the  anode;  that  the 
ions  are  set  free  only  at  the  electrodes  and  not 
throughout  the  mass  of  the  electrolyte,  the  libera- 
tion taking  place  at  the  surface  of  the  electrode, 
by  reason  of  those  quantities  of  electricity  of  oppo- 
site kinds  which  are  carried  to  the  electrodes  by  the 
decomposing  current,  the  opposite  charges  neutral- 
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izing  each  other.  When  this  occurs,  the  ions  cease 
to  be  in  the  ionic  condition,  or,  quoting  the  language 
of  Helmholtz,  "The  same  definite  quantity  of  either 
positive  or  negative  electricity  moves  always  with 
each  univalent  ion,  or  with  every  unit  of  affinity 
of  a  multivalent  ion,  and  accompanies  it  during  all 
its  motions  through  the  interior  of  the  electrolytic 
fluid.  This  quantity  we  may  call  the  electric  charge 
of  the  atom.  ...  If  we  accept  the  hypothesis  that 
the  elementary  substances  are  composed  of  atoms. 
Anatomic  we  Can  not  avoid  concluding  that  electricity  also, 
theory.  positive  as  well  as  nejg^ative,  is  divided  into  definite 
elementary  portions,  which  behave  like  atoms  of 
electricity.  As  long  as  it  moves  about  in  the  elec- 
trolytic fluid,  each  ion  remains  united  with  its  elec- 
tric equivalent  or  equivalents.  At  the  surface  of 
the  electrodes  decomposition  can  take  place  if  there 
is  a  sufficient  electro-motive  force,  and  then  the  ions 
give  off  their  electric  charges  and  become  neutral." 

The  exact  manner  in  which  the  above  neutraliza- 
tion is  effected  is  uncertain. 

In  1887,  Arrhenius  proposed  a  theory  of  electro- 
^^  lytic  dissociation  not  unlike  that  of  Helmholtz.    Ar- 

Ar*r*^if..  rhenius  asserted:  That  in  electrolytic  solutions  the 
molecules  are  dissociated  into  their  two  ions,  which 
are  electrically  associated  with  their  respective  elec- 
tric charges  before  the  passage  of  the  electrolyzing 
current.  That  under  ordinary  conditions,  before  the 
electrolyzing  current  passes,  their  ions  move  irregu- 
larly to-and-fro  among  the  water  molecules,  an  ion 
sometimes  approaching  and  sometimes  receding 
from  an  ion  of  the  opposite  kind.  That  when  a 
difference  of  potential  is  established  between  the 
electrodes  of  the  electrolytes  and  by  connection  with 
.  an  electric  source,  the  ions  no  longer  move  about 
irregularly,  but  follow  definite  paths,  the  kathions 
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moving  toward  the  kathode,  and  the  ions  moving 
toward  the  anode,  and  that,  moreover,  these  move- 
ments take  place  with  definite  velocities,  which  vary 
with  the  chemical  constitution  of  the  ions. 

The  difficulty  of  crediting  the  existence  of  free 
ions  in  a  solution  of  some  substances,  such  as  sodi- 
um chloride — i.e.  of  the  possible  existence  of  atoms 
of  free  sodium,  which  ordinarily  combine  energet- 
ically with  the  oxygen  of  water  liberating  the  hy- 
drogen, or  of  chlorine,  which  should  apparently 
manifest  their  presence  by  their  characteristic  chem- <>*>i«c^o«»- 
ical  properties,  or  that  these  substances  could  be 
taken  harmlessly  into  the  human  system — has  proved 
a  stumbHng-block  to  many  chemical  physicists.  It 
would  appear,  however,  that  elementary  matter  in 
the  ionic  condition,  where  certain  quantities  of  en- 
ergy are  associated  with  the  ions,  possesses  proper- 
ties that  are  in  many  respects  entirely  different  from 
that  of  the  molecules  of  the  free  elements.  This 
is  only  another  indication  that  our  ideas  of  the 
constitution  of  the  elementary  atoms  need  very 
considerable  change,  as  has  already  been  pointed 
out  in  connection  with  our  remarks  on  the  f rag- 
mental  atomic  condition  of  matter. 

With  some  modifications,  the  dissociation  theory 
of  Arrhenius  is  generally  adopted.  It  would  ap-ArrhcniSs 
pear,  however,  that  much  yet  remains  to  be  discov-SS^.^ 
ered  concerning  the  phenomena  of  electrolysis  that 
will  probably  remain  undiscovered  until  we  know 
more  concerning  the  ultimate  constitution  of  the 
elementary  atoms. 

All  substances  cajwible  of  being  electrolyzed,  or 
decomposed  by  the  passage  of  an  electric  current, 
must  possess  the  power  of  conducting  electricity. 


in  decom- 
position 
cell. 
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There  arc,  therefore,  two  general  classes  into  which 

.    electric  conductors  can  be  divided,  i,e.,  those  through 

Metallic     which  a  current  can  pass  without  producing  any 

iolydr'    chemical  changes  therein,  as  in  metallic  conduction, 

conduciion.  ^^^  those  through  which  such  passage  is  invariably 

attended  by  the  production  of  chemical  changes,  as 

in  electrol)rtic  conduction. 

It  is  evident  that  whenever  an  electrolyte  has  been 
sq>arated  into  its  constituent  elements  or  radicals, 
there  must  be  a  tendency  for  these  to  re-combine 
and  again  form  the  molecules  of  the  electrolyte. 
E°M°pf  Take,  for  example,  the  case  of  hydrogen  and  oxy- 
gen, that  have  been  separated  from  the  molecules  of 
water  in  the  sulphuric  acid  voltameter.  Here  a  ten- 
dency must  exist  for  these  two  gases  to  re^combine. 
This  tendency  manifests  itself  in  the  production  of 
a  counter  dertro-motive  force  of  1474  volts,  which 
opposes  the  passage  of  the  decomposing  current 
through  the  water.  Consequently,  decomposition 
can  not  take  place  unless  the  E.M.F.  of  the  current 
is  at  least  as  great  as  1*474  volts.  It  is  this  C.E.M.F., 
as  we  shall  shortly  see,  that  produces  the  electric 
current  in  the  now  well-known  electrical  apparatus 
called  storage  batteries. 

In  the  case  of  the  copper  voltameter,  where  plates 
Cases  of  copper  are  immersed  in  a  solution  of  copper  sul- 
C.B.M.F.  phate,  there  is  no  opposing  counter-motive  force  de- 
18  absent,    y^j^^gj  g^  ^^^  3  y^jy  feeble  current  is  capable  of 

causing  chemical  decomposition. 

It  may  be  interesting  here,  as  an  example  of  the 
modern  theory  of  chemical  affinity,  to  quote  Prof. 
Oliver  Lodge,  in  his  "Modem  Views  of  Elec- 
tricity" : 

"These  are  imdoubtedly  the  forces  with  which 
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chemists  have  to  do,  and  which  they  have  long  called 
chemical  affinity. 

"But  it  may  be  asked,  If  the  atoms  in  each  mole- 
cule cling  together  by  their  electro-static  attractions, 
and  there  are  an  enormous  number  of  atoms  between 
two  electrodes,  how  comes  it  that  a  feeble  E.M.F. 
can  pull  them  apart  and  effect  decomposition  ?  More- 
over, how  can  the  E.M.F.  needed  to  effect  decompo- 
sition help  varying  directly  with  the  thickness  of 
fluid  between  the  plates?  It  does  not  depend  ondcctro-^ 
anything  of  the  kind ;  the  length  of  liquid  between  c?mp^Stioa 
the  electrodes  is  absolutely  immaterial.  This  proves 
that  throughout  the  main  thickness  of  liquid  no 
atoms  are  torn  asunder  at  all.  Probably  they  fre- 
quently change  partners,  one  pair  of  atoms  not  al- 
ways remaining  united,  but  occasionally  getting  sep- 
arated and  recombined  with  other  individuals.  Dur- 
ing these  interchanges  there  must  be  moments  of 
semi-freedom,  during  which  the  atoms  are  amenable 
to  the  slightest  directive  tendency,  and  it  is  prob- 
ably these  moments  that  the  applied  E.M.F.  makes 
use  of." 
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CHAPTER   III 


ELECTRO-METALLURGY 

"From  the  date  of  the  discovery  of  Voltaic  Electricity,  or 
Voltaism,  in  the  year  1799,  experimental  philosophers  in  all 
parts  of  the  world  increasingly  devoted  their  labors  to  the 
investigation  of  the  phenomena  which  the  electric  current, 
generated  by  chemical  action  upon  the  metals,  is  capable  of 
producing,  until,  step  by  step,  the  great  Art  of  Electric  Metal- 
lurgy was  called  into  existence,  and  brought  to  its  present  high 
state  of  development" — Electro-Deposition:  Watt 

HE  art  of  electro-metallurgy  embraces  a  va- 
riety of  processes,  employed  for  the  pre- 
cipitation of  metals  from  their  solutions  by 
Bicctro-     the  gradual  action  of  an  electric  current.     Electro- 
meuiiurgy.  metallurgy  may  be  divided  into  three  general  classes. 
It  includes  the  art  of  electrotyping,  whereby  copies 
of  types,  medals,  wood-cuts,  plaster  casts,  and  vari- 
Eicctro-     ous  other  objects  may  be  obtained.     This  branch  of 
pSian^    the  art  is  sometimes  called  galvano-plastics,  or  the 
plastics.      ^^  ^£  ^^jj  casting  metals  by  the  agency  of  electric- 
ity.     Electro-metallurgy  also  includes  the  art  of 
piauS?     electro-plating,  or  covering  the  surfaces  of  the  baser 
metals  with  gold,  silver,  platinum,  nickel,  etc.     Fi- 
nally,  electro-metallurgy  also  includes  the  art  of 
Electro-     elcctro-rcfining,  or  the  art  of  reducing  metals  from 
°''     solutions  of  their  ores. 

Although,  as  we  have  seen,  it  was  known  shortly 
after  the  invention  of  the  voltaic  cell  that  coatings  of 
metals  could  be  obtained  by  electro-chemical  decom- 
position, yet  it  was  not  until  a  much  later  date  that 
such  processes  were  actually  applied  to  any  practical 
purposes. 


ELEOTBO-METALLVRQY  S3 

It  would  appear  that  the  first  practical  application 
was  made  by  Louis  Brughatelli,  Professor  of  Chem- 
istry in  the  University  of  Pavia. .  This  early  inves-  Bmgnatcui 
tigator  succeeded  in  covering  two  large  silver  medals 
with  gold  by  electro-deposition.  An  account  of  this 
process  was  published  in  the  "Philosophical  Maga- 
zine," of  London,  in  1805. 

"I  have  lately,"  says  he,  "gilt  in  a  complete  man- 
ner two  large  silver  medals,  by  bringing  them  into 
communication  by  means  of  a  steel  wire  with  the 
negative  pole  of  a  voltaic  pile,  and  keeping  them,  one 
after  the  other,  immersed  in  ammoniuret  of  gold, 
newly  made  and  well  saturated." 

Brugnatelli's  discovery  does  not  seem  to  have  at- 
tracted much  attention,  and  nothing  further  waspciaRivc 
heard  of  this  application,  nor  does  anything  appear  Slum  w?res 
to  have  been  done  in  this  field  of  practical  work  un- 
til 1828,  when  De  la  Rive,  of  France,  successfully 
gilded  platinum  and  silver  wires  for  the  purpose  of 
employing  them  as  negative  electrodes  in  solutions 
of  gold.  De  la  Rive  did  not  publish  any  descrip- 
tion of  this  process  until  the  year  1840. 

In  1834,  Henry  Bessemer  electro-plated  with  cop-  B€s»emer 
per  castings  of  lead,  so  as  to  permit  them  to  be  used  putcsicad- 
f or  ornaments  for  mantel-pieces.  m  1834- 

In  1836,  De  la  Rue  described  a  modified  form  of 
Daniell's  voltaic  cell,  of  which  he  published  the  fol- 
lowing account : 

"The  copper  plate  is  also  covered  with  a  coating 
of  metallic  copper,  which  is  continually  being  de-D^,^R„e 
posited ;  and  so  perfect  is  the  sheet  of  copper  thus  ^  »83<5- 
formed,  that,  being  stripped  off,  it  has  the  counter- 
part of  every  scratch  of  the  plate  on  which  it  is 
deposited." 
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It  will  be  observed  that  the  applications  above  re- 
ferred to  all  pertain  to  the  art  of  electro-plating. 
Although  the  observation  of  De  la  Rue  showed  the 
possibility  of  obtaining  casts  by  metals  deposited  in 
the  cold  by  electro-chemical  decomposition,  and  thus 
undoubtedly  suggested  the  possibility  of  the  art  of 
electro-typing,  or  galvano-plastics,  yet  no  particular 
use  was  ever  made  of  it.  The  merit  of  the  discovery 
of  the  art  of  electro-typing  appears  to  be  due  to  two 
worifSf  separate  workers;  viz.  to  Jacobi  in  Russia,  and  to 
^M^erta  Spencer  in  England.  The  work  of  these  two  inves- 
i^ngT  tigators  appears  to  have  been  entirely  independent  of 
each  other.  Both  inventors  succeeded  in  producing 
coins  and  medals  in  intaglio,  that  is,  they  depos- 
ited a  layer  of  copper  over  the  surface  of  a  metal, 
and  afterward  separating  it,  obtained  a  sunken,  hol- 
low mold,  with  the  characters  appearing  as  if  cut  or 
engraved  on  the  coin  or  medal.  They  also  suc- 
ceeded in  obtaining  copies  of  objects  in  relief.  Both 
inventors  pointed  out  the  necessity  of  employing 
saturated  solutions  of  the  metallic  salts  for  use  in 
the  electrolytic  baths,  in  order  to  obtain  good  adher- 
ent deposits  of  the  metals. 

In  October,  1838,  Jacobi,  of  Russia,  made  the  an- 
nouncement that  he  was  able  to  employ  the  electric 
current  in  reducing  copper  from  its  solutions  for 
iS^uil*-  the  purpose  of  producing  metals,  stereotype  plates, 
S^.^"*  ornaments,  and  for  the  making  of  calico  printing 
blocks  and  patterns  for  paper  hangings.  A  transla- 
tion of  Jacobi's  original  paper  on  galvano-plastics, 
or  the  process  of  cohering  copper  into  plates  or  other 
given  forms  by  means  of  galvanic  action  on  copper 
solutions,  appeared  in  Volume  VII.  of  the  "Annals 
of  Electricity."  In  this  publication  Jacobi  makes 
the  following  statement  as  to  the  origin  of  the  dis- 
covery : 
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"In  the  year  1837,  while  in  Dorpart,  I  had  a  series 
of  experiments  to  carry  on,  upon  the  strength  and 
duration  of  galvanic  currents  produced  by  an  appa- 
ratus constructed  upon  similar  principles;  but  in- 
stead of  copper  plates  I  furnished  myself  with  cop- 
per cylinders,  surrounded  by  animal  bladders,  for 
the  purpose  of  keeping  the  liquids  separate.  As  these 
bladders  became  damaged  by  use,  they  were  taken 
out,  and  gave  occasion  to  inquire  into  the  form  in 
which  the  copper  was  reduced.  It  was  found  onJJSiShed 
the  surface  of  the  copper  cylinders,  and  in  the  in-J?htad£! 
ner  folds  of  the  bladders,  partly  in  thin  bars  and^''*^' 
partly  in  large  and  small  corns  of  crystalline  texture, 
which  to  those  beneath  showed  not  the  least  attach- 
ment. Afterward,  however,  while  continuing  to 
remove  these  corns,  etc.,  it  was  found  that  they  ad- 
hered more  closely  together,  and  required  some  force 
to  separate  them ;  it  was  also  found  that  the  copper 
cylinder  itself  was  completely  covered  with  a  layer 
of  reduced  copper,  which,  to  my  astonishment,  was 
removed  in  large,  well-connected  plates.  As  no 
Oiention  had  hitherto  been  made  of  such  regular 
formations  of  reduced  copper,  these  corns,  etc.,  were 
held  of  a  high  interest.  I  must  confess,  indeed,  that  fuc  and 
I  was  myself  surprised,  as  I  remarked  at  the  time,  umST' 

A.CCU  yat^lv 

that  some  fine  file  marks  and  indentations  from  ham-  reproduced 
mer  blows,  which  were  conspicuous  on  the  surface  of  dipSStS 
Ae  copper  cylinders,  had,  with  the  greatest  degree  of  Su.^ 
accuracy,  given  corresponding  forms  to  the  plates 
of  reduced  copper." 

On  May  8,  1839,  Spencer  gave  notice  that  he 
would  read  a  paper,  entitled  "The  Electrot3rpe  Proc- 
ess," before  the  Liverpool  Polytechnic  Society.  This  |SSiiS2 
paper,  however,  was  not  read  until  September  12,  STiS*^ 
1839.     Spencer  claims  that  the  results  described  in 
this  paper  were  obtained  from  experiments  extend- 
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ing  back  as  far  as  1837.     His  invention  embraced 
the  following  point;  i.e.,  a  method  of  engraving 
in  relief  on  a  plate  of  copper.     In  order  to  do  this, 
pfSSTof  21  copper  plate  was  coated  with  a  thin  layer  of  wax, 
fn  fSIf^wi  ^^d  the  wax  was  cut  away  by  a  graving  tool  in  the 
copper,      desired  form,  so  as  to  expose  the  copper  plate  be- 
low.    The  plate  was  then  covered  with  an  acid  capa- 
ble of  attacking  copper,  so  that  the  parts  not  pro- 
tected by  the  wax  covering  were  eaten  away  by  the 
acid.     A  layer  of  copper  was  then  deposited  in  the 
sunken  lines  so  obtained,  so  as  to  stand  out  in 
relief. 

Spencer's  paper  also  embraced  a  method  of  obtain- 
Anothcr  iHg  21  solid  voltaic  plate,  having  its  lines  in  relief. 
Fo?S^ain.  This  was  done  by  taking  an  electrotype  of  an  en- 
pStS^  graved  plate,  in  which  case,  as  its  lines  are  sunken 
£51?"^    ^^  the  plate,  they  will  stand  out  in  relief  in  the 

electro  cast,  when  it  is  separated  from  the  engraved 

plate. 

In  order  to  obtain  fac-similes  of  coins,  medals,  etc., 
Facsimiles  Spcnccr  employed  two  distinct  processes.  In  one  of 
S?S!SS?  these  he  obtained  an  electro  mold  by  depositing  a 
medals,  etc.  ^j^j^^  layer  of  coppcr  on  the  surface  of  the  coin,  and 

afterward  obtained  an  electro  cast  from  this  mold. 
By  another  process  he  first  obtained  a  lead  mold, 
by  pressing  a  plate  of  lead  with  great  force  against 
the  surface  of  the  coin,  and  then  took  an  electro 
cast  of  this  mold. 

Spencer  also  employed,  for  obtaining  objects  in 
Use  of  relief,  the  process  of  forming  molds  of  such  objects 
piSrter^oi  in  plaster  of  Paris  or  clay,  rendering  these  molds 
*^  ****  electrically  conducting  by  covering  them  with  a  thin 
layer  of  bronze  powder  or  gold  leaves.  He  also  de- 
scribes a  process  for  obtaining  any  number  of  copies 
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from  an  already  engraved  copper  plate.  This  be  did 
by  pressing  a  {date  of  lead  with  great  force  against 
tbe  copper  plate,  and  employing  the  lead  mold  so 
obtained  for  tbe  reception  of  the  electro  cast. 

An  important  discovery  in  the  art  of  galvano-plas- 
tics  was  made  by  a  Mr.  Murray,  of  England,  who 
was  the  first  to  employ  graphite  or  plumbago  ioYHom.,; 
covering  non-conducting  surfaces,  so  as  to  render  piumbasc 
them  electrically  conducting  for  receiving  electric  non-can- 
deposits  of  electro-typing.    The  advantage  of  Mur-  ™rt»««^ 
ray's  discovery  lies  in  the  fact  that  the  hydrogen,  eondneuiif. 
which  tends  to  be  liberated  at  the  surfaces  covered 
with  plumbago,  clings  or  adheres  to  the  carbon  so 
strongly  that  it  reduces  the  cc^per  salt  rather  than 
be  detached,  a  property  that  is  very  desirable  in 
electro-type  processes. 

In  1840,  Elktngton  took  out  a  patent  in  England 
for  electTD-i^ting  by  the  battery.  In  the  same  year, 
Roolz  took  out  a  patent  for  a  similar  purpose.  Elk-  'jyBPSi 
ington  appKed  his  process  to  dectro-plating  on  a 
commerci^  scale,  for  the  purpose"  of  covering  the 
surfaces  of  the  baser  metals,  such  as  German  silver, 
tnm  and  tcad,  with  thin  coatings  of  gold  and  silver. 


Via.  4.— The  Act  of  Bleclni-plaltag'. 

The  pinocess  of  electro-plating  is  one  of  extreme 
stmplkity.     Tbe  metal  to  be  deposited  is  placed  inF 
the  form  of  a  sohitton  of  chm  of  its  salts  in  api 
suitable  tank,  sndi  as  that  represented  in  Fig.  4. 
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The  objects  to  be  plated  are  connected  with  the  nega- 
tive terminal  of  an  electric  source — in  this  case,  a 
single  voltaic  cell — and  placed  in  the  solution  of 
metal  directly  opposite  a  plate  of  the  same  metal  that 
is  in  the  solution,  and  connected  to  the  positive 
terminal  If,  for  example,  the  solution  contains 
sulphate  of  copper,  then  a  plate  of  copper  is  con- 
nected with  the  positive  terminal  of  the  battery  or 
anode.  On  the  passage  of  the  current,  an  adherent 
coating  of  metallic  copper  is  deposited  over  the  sur- 
face of  the  object  connected  with  the  negative  ter- 
minal or  cathode. 

The  extreme  simplicity  of  the  process  is  not  lim- 
ited to  the  above  combination  of  parts.    In  addition, 
\^^Qi  there  exists  no  necessity  for  maintaining  the  strength 
itiJnif  of  the  solution  of  copper  sulphate  or  other  metallic 
JuKft  d?r.   salt,  owing  to  the  weakening  of  the  solution  by  the 
piwSSof   deposit  of  a  part  of  the  copper  or  other  salt  on  the 
piSSg.      article  to  be  plated.     This  is  for  the  following 
reason :  On  the  passage  of  the  current,  as  one  mole- 
cule of  the  metallic  salt  is  decomposed,  say  one 
molecule  of  copper  sulphate,  and  its  atom  of  copper 
deposited  on  the  object  connected  with  the  kathode, 
the  acid  radical,  which  is  liberated  at  the  anode, 
enters  into  combination  with  the  copper  plate  at- 
tached thereto,  and  forms  a  new  molecule  of  copper 
sulphate,  thus  maintaining  the  strength  of  the  solu- 
tion.   It  is  for  this  reason  that  the  plate  connected 
with  the  anode  in  a  plating  bath  is  called  the  soluble 
ModSk      anode.    Where  silver,  gold,  etc.,  are  to  be  deposited, 
plates  of  silver,  gold,  etc.,  are  connected  with  the 
anode.    It  is  customary  to  electro-plate  a  number  of 
articles  at  the  same  time,  as  is  the  case  in  the  appara- 
piwfng.     tus  represented  in  the  preceding  figure,  where  a 
number  of  spoons,  etc.,  are  being  electro-plated  with 
silver,  or  silver-plated,  as  this  particular  process  is 
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sometiines  called.  In  this  case,  therefore,  a  plate  of 
silver  is  connected  with  the  anode,  and  the  articles 
to  be  plated  suspended  in  the  silver  bath  from  a  me- 
tallic rod  connected  with  the  kathode. 


plat 
sometfmes 


Where  such  substances  as  iron,  pewter,  etc.,  are 
to  be  either  silver-plated  or  gold-plated,  they  are  first  ^'^ 
covered  with  a  coating  of  copper,  on  which  the 
silver  or  gold  is  afterward  deposited.     A  firmer  Save" 
adherence  is  thus  secured.     It  has  been  found  pos- £gtrtici«. 
sible,  by  employing  suitable  solutions,  to  deposit 
brass  by  electro-plating  on  the  surfaces  of  conduct- 
ing bodies. 

Since  the  advent  of  the  djmamo-electric  machine, 
voltaic  batteries  are  no  longer  employed  in  electro- 
plating or  electro-typing  on  a  commercial  scale,  SLm^*  ?/; 
the  shunt-wound  dynamo  being  found  far  cheaper  pujSJ"^ 
and  more  efficient  for  such  purposes.     Since  the*^*^*""*" 
RM.F.'s  required  for  such  purposes  are  compara- 
tively weak,  such  machines  are  generally  wound  for 
from  five  to  ten  volts.    The  current  produced,  how- 
ever, is  large,  so  that  heavy  conductors  are  employed 
for  the  series  coils  on  the  field  and  armature. 

A  machine  suitable  for  electro-plating  is  repre- 
sented in  Fig.  5.  This  machine  is  capable  of 
producing,  at  500  revolutions,  a  current  of  1,000  or 
2,000  amperes  at  a  pressure  of  from  6  or  12  volts, 
as  will  be  seen.  This  machine  is  of  the  multipolar 
type. 

In  the  process  of  electro-typing,  the  name  gen- 
erally given  to  galvano-plastics  in  this  country  and  how  an 
in  Enrfand,  it  is  first  necessary  to  obtain  a  suitable  Sreiectro of 
mold  or  impression  of  the  article  to  be  reproduced,  n  prepared. 
Suppose,  for  example,  that  this  be  a  wood-cut  such 
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as  is  employed  for  printing.  In  order  to  greatly 
increase  the  number  of  impressions  capable  of  being 
taken  from  a  wood-cut,  an  electro-type,  or,  as  it  is 
generally  called,  an  electro,  is  prepared.  Here  the 
first  step  is  to  obtain  a  suitable  mold  or  impression 
of  the  wood-cut.  This  is  done  by  placing  the  sur- 
face of  the  wood-cut  against  a  plate  of  wax,  and 
then  forcing  the  wax  into  all  the  interstices  by  power- 
ful pressure.  The  surface  of  the  wax  mold  is  then 
rendered  electrically  conducting  by  dusting  it  with 
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finely  powdered  plumbago,  and  a  thin  layer  or  coat- 
ing of  copper  is  deposited  in  the  mold  by  connecting 
£ci!'of<^  it  with  the  negative  terminal  of  a  battery,  and  plac- 
SiSTwWi    ing  it  in  a  bath  of  copper  sulphate  opposite  a  plate 
""'  of  copper    connected    with   the  positive  terminal. 

When  a  sufficiently  thick  coating  of  copper  has  been 
obtained,  the  copper  shell  is  detached  from  the  mold, 
and  stiffened  by  a  backing  of  type  metal.  In  order 
to  ensure  the  adherence  of  the  type  metal  to  the 
copper,  the  shell  is  first  coated  with  metallic  tin. 
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The  electro  is  then  prepared  for  printing  by  mount- 
ing it  on  a  wooden  block  or  backing.  Gutta-percha 
or  gelatine  is  sometimes  employed  in  place  of  waxfi^Jf^*** 
for  the  preparation  of  the  molds.  While  an  ordi- 
nary wood-cut  is  only  able  to  print  a  limited  number 
of  clear  impressions  before  wearing  out,  say  10,000 
at  the  most,  an  electro-type  is  able  to  print  a  very 
much  greater  number  of  copies.  Moreover,  since 
the  wooden  block  is  uninjured  by  the  process,  an 
indefinite  number  of  electros  can  be  obtained  from  it. 

Copper  and  steel  plate  engraving  can  be  dupli- 
cated by  a  similar  process.     In  this  manner  the 
plates  required  for  the  printing  of  postage  stamps,  oupUcauon 
bank  notes,  and  playing  cards  can  readily  be  dupli-  pLtS^^d' 
cated  in  any  desired  number.    Many  impressions  of  SSra^Sgs. 
the  original  engraved  plate  required  for  a  postage 
stamp  are  taken  and  united  together  on  the  same 
plate,  so  that  several  hundred  stamps  may  be  printed 
by  a  single  impression.     The  immense  number  of 
postage  stamps  required  for  daily  use,  in  large  coun-  I^e'ItSS^ 
tries  like  the  United  States,  will  enable  one  to  ap- "* '*'**'**** 
preciate  the  great  practical  value  of  this  invention. 

Where  the  copper  is  carefully  deposited,  the  sur- 
faces of  the  electros  are  so  hard  that  they  can  be 
employed  to  an  almost  indefinite  extent.     For  ex- 
ample, electros  have  been  prepared  for  use  in  such  ber  of  im- 
newspapers  as  the  London  "Times,"  from  which  possible 

-  ,  -  ,  ,  -  from  single 

they  have  been  able  to  produce  as  many  as  20,000,-  ciectro. 
000  copies  without  very  marked  injury. 

Another  practical  application  of  the  art  of  electro- 
typing  is  seen  in  the  correction  of  engraved  plates, 
such  as  might  be  required  for  the  introduction  of  correction 
new  details  on  topographical  maps.    Here  the  por-en^f|SJ^ 
tions  to  be  changed  are  removed  by  being  cut  away,  p^^*** 
and  a  deposit  of  metallic  copper  is  obtained  by  the 
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dectro-typing  process,  on  which  the  corrections  are 
afterward  engraved. 

Where  medals,  statuary  and  other  objects  are  to 
be  copied  by  electro-typing,  it  would  not,  of  course, 
be  practicable  to  deposit  the  metal  directly  upon  the 
Method  D[  surface  of  the  article,  since  when  such  deposit  had 
SS^Slaro.  been  stripped  off,  it  would  give  a  reverse  impres- 
sed^      sion,  or  an  intaglio,  like  that  of  an  ordinary  mold. 
In  order  to  obtain  the  desired  cameo  impression, 
that  exactly  reduplicates  the  form  of  the  object,  a 
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mold  must  first  be  obtained,  and  the  electro-cast 
made  in  this  mold.  Of  course  the  electro-cast  itself 
might  be  employed  as  a  mold,  but  it  is  much  simpler 
to  employ  a  mold  obtained  by  the  use  of  wax  ot 
gutta-percha,  as  already  described,  and  after  ren- 
dering its  surface  electrically  conducting,  to  deposit 
the  copper  directly  in  it  in  the  manner  shown  in 
Fig.  6,  at  the  right-hand  side.  Here  only  those 
parts  of  the  mold  are  rendered  conducting  on  which 
it  is  desired  to  deposit  the  copper,  contact  being  ob- 
tained with  such  surfaces  by  means  of  copper  wires 
attached,  as  in  the  figure,  to  tiie  conducting  surfaces 
by  means  of  slender  wires.  The  complete  medal  thus 
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obtained  is  represented  at  the  left-hand  side  of  the 
figure. 

Where  the  object  to  be  reproduced  consisted  of 
large  vases  or  pieces  of  statuary,  a  difficulty  wasMeUwdoi 
found  to  exist  in  practice  of  obtaining  equally  thick  ^llS* 
deposits  over  all  porti(His  of  the  mold.    If  soluble  tom^u* 
anodes  were  placed  inside  such  objects,  another  dif-  "^ 

ficulty  arose  from  their  rapid  and  unequal  solution. 
At  first  this  was  avoided  by  the  employment  of  in- 
soluble electrodes,  consisting  of  a  bundle  of  plati- 


Via.  7.— Melhod  ol  ObuioinK  Electro-cuts  ol  LarRc  Oblceti. 

num  wires  surrounding  the  mold  on  all  sides  with- 
out touching  it.  In  order  to  maintain  the  strength 
of  the  copper  solution,  bags  of  porous  material, 
containing  crystals  of  copper  sulphate,  were  placed 
inside.  The  method,  however,  of  employing  bundles 
of  platinum  wire  was  not  found  to  be  entirely  satis- 
factory. Plante,  however,  removed  the  difficulty 
by  replacing  the  platinum  wires  by  a  core  of  lead, 
pierced  with  holes.  This  core  was  given  the  same 
outlines  as  those  of  the  object  to  be  reproduced. 
The  general  method  of  its  use  will  be  seen  from  an 
inspection  of  Fig.    7,  where  the  mold  is  repre- 
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sented  at  the  left-hand  side  of  the  figure,  and  the 
fmished  vase  at  the  right-hand  side.  By  such  means 
it  has  become  possible  to  reproduce  heroic  statues, 
even  when  they  reach  the  size  of  nearly  thirty  feet 
in  height. 

Various  processes  have  been  devised  for  the 
electro  recovery  and  refining  of  metals.  One  of  the 
simplest  of  these,  employed  for  the  refining  of  cop- 
per, consists  in  placing  the  impure  copper  to  be  re- 
fined as  a  soluble  anode  in  a  bath,of  copper  sulphate, 
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from  which  it  is  electrically  deposited  in  a  pure  state 
cm  a  plate  of  copper  connected  to  the  kathode,  the 
impurities  beii^  left  in  the  bath.    Where  this  proc- 
ess is  employed  for  the  treatment  of  large  quantities 
of  metal,  as  at  the  works  of  the  Boston  &  Montana 
Consolidated  Copper  Mining  Company,  at  Great 
Falls,  Montana,  very  large  electric  currents  are  re- 
u- of  «iee- quired.    These  are  obtained  by  specially  constructed 
o^SrC""  dynamos,  called  electrolytic  generators,  driven  by 
refiotof  of  water-power.    In  the  process  employed  here,  a  num- 
^friWber  of  separate  tanks,  in  which  the  decomposition 
MMMaa.    jjjIj^  place,  are  connected  in  series  so  that  the  E.M.F. 
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of  the  generators  can  be  increased.  Two  electrolytic 
generators  of  the  Westinghouse  Company's  type  are 
shown  in  Fig.  8.  Each  of  these  is  capable  of 
delivering  a  current  of  4,500  amperes  at  a  pressure  ^SSS^iag 
of  180  volts  when  driven  at  a  speed  of  130  revolu- **"""■ 
tions  per  minute.  These  dynamos  are  directly  con- 
nected to  the  driving  turbines.  Heavy  copper  con- 
ductors are  required  to  carry  the  electric  current 
from  the  generators  to  the  decomposing  tanks,  a  dis- 
tance of  about  two-fifths  of  a  mile.  These  conduc- 
tors consist  of  a  number  of  copper  bars,  the  area  of 


Pro.  9.— CoDducUm  for  Coppn  ReGaioc  Plant  U  Great  Fklli,  MoMua. 

whose  cross-section  is  24  inches.  They  are  sup- 
ported as  shown  in  Fig.  9,  the  separate  bars  being 
soldered  together.  These  conductors  are  provided 
with  suitable  expansicwi  joints. 

In  every  voltaic  cell,  where  the  voltaic  couple 
consists  of  two  different  metals,  the  electrolyte  acts  Eiwirici 

.11         prMealoo 

on  or  corrodes  one  of  the  metals  only,  the  other  <>»  "«iai«. 
metal  being  left  entirely  unaltered.    It  is  the  electro- 
positive metal  that  is  so  attacked,  the  electro-negative 
metal  not  only  being  left  unattacked,  but  even  being 
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preserved  from  any  corrosive  action  while  it  is  asso- 
ciated with  the  electro-positive  metal.  By  thus  as- 
sociating one  metal  in  the  form  of  a  voltaic  couple 
with  another  metal  which  is  alone  corroded,  it  is 
possible  to  thoroughly  protect  the  other  metal.  Va- 
rious applications  have  been  made  of  this  fact,  in 
order  to  electrically  protect  metals  from  corrosion. 

Sir  Humphry  Davy  proposed  to  protect  the  cop- 
,       per  sheathing  of  ships'  bottoms  from  corrosion  by 
fo?  Ae  Sec  sea  water  by  attaching  pieces  of  zinc  to  the  sheath- 
tionofthe  mg.    Hc  succccdcd  so  well  that  his  process  entirely 
sheathing    failed,  although  for  another  reason;  for,  hereto- 
bottoma.     fore,  the  ships'  bottoms  had  been  protected  from 
fouling  by  the  accumulation  of  seaweed  and  bar- 
nacles by  reason  of  the  poisonous  copper  salts  which 
covered  the  surface  of  the  sheathing.  Davy's  method 
protected  the  bottom  of  the  ship  so  thoroughly  that 
these  accumulations,  no  longer  checked,  increased  so 
rapidly  as  to  seriously  impede  the  ship's  progress 
through  the  water. 

The  process  of  preparing  galvanized  iron — ^that  is, 

by  covering  the  surface  of  the  sheets  or  other  articles 

of  iron  with  a  thin  layer  of  zinc  by  dipping  the  sheets 

^  ,     i  ^  in  a  mass  of  molten  zinc — is  based  on  this  fact,  the 

Galvanized  ....  -  .  - 

iron.         galvanized  iron  being  electro-negative  to  zinc,  so  that 

if  corrosion  occurs  a  voltaic  couple  is  formed,  and  the 

iron  will  be  protected  while  any  zinc  remains  uncor- 

roded.    Perhaps,  however,  an  equal  reason  for  the 

protection  of  iron  so  covered  is  found  in  the  fact 

that  there  is  soon  formed  on  the  surface  of  the  zinc 

whyarti.   ^"   iusoluble  ^oxidc  of  zinc,   which   prevents  any 

ontaZS***  further  corrosion.     Ordinary  tin-ware,  which  con- 

ll^Sl^y  sists  of  sheets  of  iron  that  are  covered  with  a  thin 

rSSfa*S-  coating  of  metallic  tin,  afford  an  excellent  example 

p***^-       of  the  coating  being  formed  of  an  electro-negative 
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metal,  the  iron  being  electro-positive  to  the  tin. 
When,  therefore,  the  iron  is  exposed,  as  by  a  deep 
scratch,  the  ware  rapidly  rusts,  since  the  corrosive 
elements  attack  the  iron,  the  positive  metal,  which 
thus  serves  to  protect  the  tin. 

In  the  early  history  of  the  electric  street  railway 
cars,  where  but  little  care  was  taken  to  ensure  a  good 
connection  between  the  ends  of  contiguous  rails  onP«>iitts 
the  track,  and  where,  therefore,  the  ground  acted  as  troiytic 
the  principal  part  of  the  return  circuit,  serious  diffi-  takes  pUce 

-.  •  .  ,r  ,  ,  ,.  to  trolley 

culties  were  experienced  from  the  electrolytic  cor-«r<mnd- 

r     1  1  •  1  «        •     *  return  clr- 

rosion  of  the  gas  and  water  pipes  that  were  buried  c«ita. 
in  the  streets  over  which  the  railroad  tracks  passed. 


Fig.  io.— Simple  Trolley  Circuit,  showing,  ground -return  through  tracks,  etc 

Here,  however,  as  in  the  cases  above  referred  to, 
the  corrosion  only  takes  place  at  those  metallic  sur- 
faces where  the  current  leaves  the  metals  and  enters 
the  ground,  while,  where  the  current  leaves  the 
ground  and  enters  the  metals,  there  will  not  only  be 
no  corrosion  of  the  metals  but  even  a  protection.  In 
the  case  of  the  circuit  of  the  generator  and  the  car 
shown  in  Fig,  lo,  where  the  positive  pole  of  the 
generator  is  connected  with  the  trolley  wire,  and  the 
return  current  passes  through  the  track  and  so  to  the 
ground,  and  where  the  electric  resistance  of  the  trade 
is  so  small  as  to  be  negligible,  the  current  will  re- 
turn to  the  generator  almost  entirely  through  the 
track.    On  the  contrary,  however,  if  the  track  be 
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disconnected  at  some  point,  as,  for  example,  at  an 
unbonded  rail,  the  current  will  leave  the  track  and 
enter  the  ground.    Consequently,  the  better  the  bond- 
ing the  smaller  will  be  the  amount  of  trouble  occa- 
wa-'bSSd?  sioned  by  electrolytic  corrosion.    In  the  case  shown 
i?rirtil!iiiy  in  Fig-  lo,  in  accordance  with  the  above  principles, 
?iStrSVtic  if  there  are  no  gas  or  water  pipes  in  the  neigh- 
corrodon.   \^y\^qq^^  corrosion  will  take  place  on  the  surface 
of  the  track,  and  this  will  cause  but  little  trouble. 
But  suppose  that  there  is,  in  the  neighborhood  of 
such  track,  as  is  the  case  in  practically  all  large 
jcities,  a  buried  gas  or  water  pipe,  as  represented 
in  Fig.    II,  then  the  current  entering  such  pipe 
may  form  a  part  of  the  return  circuit,  and  serious 
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Fig.  II.— Trolley  Circuit     Blectrolytic  corrosion  will' occur  on  the  tracks 
at  A,  and  on  the  waterpipes  at  B,  where  the  current  leaves  the  metals. 

damage  may  result  from  corrosion  at  such  points 
where  the  current  leaves  the  pipe.  This  is  espe- 
cially great  in  the  neighborhood  of  the  power  station. 
The  corrosion  of  the  tracks  would  take  place  at  A, 
where  the  current  leaves  the  tracks,  while  the  cor- 
rosion of  the  iron  pipes  would  take  place  at  B,  where 
the  current  leaves  the  pipes.  By  connecting  the 
system  of  water-pipes  with  the  grounded  terminals 
ly  tondei  of  the  generator  by  conductors,  indicated  by  the 
dotted  lines,  the  amount  of  electrolysis  at  B  would 
be  greatly  lessened  by  the  fact  that  the  greater  pro- 
portion of  the  current  would  now  pass  through 
the  new  connection.  By  reversing  the  direc- 
tion of  connection — ue.,  by  connecting  the  positive 
terminal  of  the  generator  with  the  track,  and  the 
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negative  terminal  with  the  trolley  wire — the  posi-^ 
tions  of  corrosion,  as  indicated  in  the  preceding  »^o' 
figure,  will  be  reversed,  and  this  plan  is  some-g^^^ 
times  adopted.     Wherever  a  good  system  of  rail  ^i^^^' 
bonding,  with  sufficient  ground  return  conductors, 


no.  i&— SptdoMO  ol  Ireo  Pipe  DcMrored  br  Bkctrolytk  Con-olloa. 

is  employed,  trouble  arising  from  electrolysis  is  com- 
paratively insignificant  Unless,  however,  such  pre- 
cautions are  taken,  corrosion  to  the  extent  of  that 
represented  in  Fig.  12,  which  shows  the  serious 
action  on  a  water  pipe,  may  occur. 
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CHAPTER  IV 


STORAGE    BATTERIES 


"It  is  well  known  that  the  history  of  the  storage  cell  is 
essentially  that  of  the  lead  cell  discovered  by  Plante,  in  i860, 
in  which  lead  peroxide  is  the  depolarizing  substance.  An  enor- 
mous amount  of  labor  has,  in  the  aggregate,  been  expended 
upon  the  improvement  of  this  cell  in  the  hands  of  experimen- 
talists. As  a  result  of  that  labor,  the  storage  battery  has  at 
last  become  a  recognized  adjunct  to  direct-current  central  sta- 
tions, but  it  has  limitations  that  seem  to  withstand  further 
attempts  toward  improvement.  Of  recent  years,  hardly  any 
success  has  been  met  with  in  the  direction  of  reducing  its 
weight  for  a  given  energy-storage  capacity,  without  detriment 
to  endurance,  and  this  weight  is  the  great  drawback  of  the 
storage  battery  in  electric  storage  traction,  and  has  been  the 
principal  obstacle  to  its  advance  in  this  direction  for  the  past 
twenty  years." — The  New  Edison  Storage  Battery:  Arthur  E. 

Ken  NELLY 

HE  fact  that  E.M.F.s  are  set  up,  during  every 
electrol)rtic  decomposition,  in  a  direction 
counter  or  opposed  to  that  of  the  electro- 
lyzing  current,  has  been  referred  to  in  the  preceding 
^ta^ic-  chapter.  This  electro-motive  force  is  called  the 
cumuiaton.  g^  p ,  Qf  polarization.  In  all  electrol)rtic  cells,  no 
matter  what  may  be  the  character  of  the  electrol)rte 
that  is  decomposed,  the  cell  itself,  on  the  cessation  of 
the  electrolyzing  current,  will  be  able  to  produce  a 
current  in  the  opposite  direction  to  that  which  pro- 
duced the  electrolysis.  Cells  produced  in  this  way 
are  called  secondary  cells  or  accumulators.  They  are 
also  sometimes  called  storage  cells  or  batteries. 

Gautherot's  ^^^  general  fact  on  which  all  storage  batteries 
SffSSL^."^^^  based  was  first  observed  in  1801,  shortly  after 
daryccii.    ^hc  invention  of  the  voltaic  cell,  by  a  Frenchman 
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named  Gautherot,  who  noticed  that  the  silver  or 
platinum  wires  that  had  been  employed  for  decom- 
posing water  by  the  battery,  especially  when  the 
water  contained  salt  in  solution,  possessed  the  power 
of  giving  an  electric  current  for  a  short  time  after 
being  completely  disconnected  from  the  battery  itself. 

In  1803,  Ritter  made  the  same  discovery,  and  im- 
mediately applied  it  to  the  construction  of  a  sec- 
ondary battery.  This  battery  consisted  of  a  series  SSSdlry 
of  pieces  of  gold,  separated  by  cloth  disks  moistened  Jj^*^  *** 
by  a  saline  solution.  On  sending  a  current  from 
a  powerful  voltaic  battery  through  this  pile,  it  was 
capable,  after  being  disconnected  from  the  battery, 
of  giving,  for  a  short  time,  a  current  in  the  oppo- 
site direction  to  that  of  the  current  which  had  caused 
its  action.  Ritter  formed  a  variety  of  secondary 
polarization  batteries,  employing  for  this  purpose 
various  metals,  such  as  platinum,  copper,  iron,  and 
bismuth. 

In  i860,  Gaston  Plante  greatly  improved  the  sec- 
ondary battery  of  Ritter  by  employing  two  plates  of 
sheet  lead,  wound  in  the  spiral  form  shown  in  Fig. 
13,  the  two  sheets  being  separated  from  one  another  stonffe' 
by  suitable  means.     On  immersing  these  plates  in*^^ 
dilute  sulphuric  acid  contained  in  the  glass  jar,  as 
shown,  and  passing  an  electric  current  between  them 
through  the  intervening  liquid,  a  secondary  or  stor- 
age battery  was  produced,  capable  of  furnishing  a 
fairly  powerful  electric  current  for  a  long  time.    In 
order  to  do  this,  however,  it  is  necessary  to  "form" 
the  battery,  that  is,  to  send  a  charging  current  ^g^t^,, 
tween  the  lead  plates  for  a  given  time,  and  then  to  Jgfjf* 
diange  or  reverse  the  direction  of  the  current  passing  "fonncd." 
between  the  plates.    These  reversals  in  the  direction 
of  the  charging  current  are  made  only  after  fairly 
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considerable  intervals,  the  current  being  permitted  to 
traverse  the  solution  in  one  directicm  for  a  long  time, 
and  then  made  to  pass  in  the  <^)posite  direction 
fcM*  an  equal  length  of  time. 


PUdC<^ 


Fig.  I}.— Ptante'Stonce  Cell. 
of  leul  are  cloMlr  colled  lo  u  I 
Urf  point. 


Under  the  above  circumstances,  it  is  found  that 
the  surface  of  the  lead  plates  is  changed  by  the  action 
of  the  current  to  a  fairly  considerable  depth,  the 
plate  connected  with  the  anode  becoming  covered 
baitm^  with  a  layer  of  lead  peroxide,  and  the  plate  con- 
nected with  the  kathode  with  a  layer  of  spongy, 
finely  divided  metallic  lead.  A  secwidary  battery  so 
formed  will  remain  for  a  long  time  in  this  condi- 
tion, and  yet  will  be  able  to  furnish  current  when  the 
terminals  are  connected  outside  the  battery  by  a  con- 
ductor. Cells  of  this  character  will  furnish  an  E.M.F. 
that  varies  from  2.2  to  1.85  volts.  A  number  of 
separate  storage  cells  may,  as  in  the  case  of  the  vol- 
taic cell,  be  connected  in  series  or  in  parallel  to  form 
a  single  electric  source  called  a  storage  battery. 
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It  must  not  be  supposed  that  the  storage  cell  or 
battery  stores  electricity.  This  is  no  more  true  than 
that  the  spring  of  a  clock,  or  of  a  music  box,  can 
be  said  to  store  time  or  musical  sounds.  What  the  ^t^SS^ 
spring  really  stores  is  muscular  energy,  that  is,  it^^SSuj. 
renders  it  possible  to  put  the  muscular  energy  in 
such  a  form  that  it  can,  when  so  desired,  be  able  to 
perform  work  and  produce  either  a  means  of  esti- 
mating time,  or  the  production  of  musical  sounds. 
In  the  same  way,  the  so-called  storage  battery  is  an 
arrangement  by  means  of  which  the  energy  of  an 
electric  current  is  caused  to  liberate,  through  the 
agency  of  electrol)rtic  decompositions,  such  chemical 
substances  as  will  be  able  to  produce  an  independent 
electric  current  on  the  removal  of  the  electrolyzing 
current. 

Faure,  in  France,  and  Brush,  in  America,  about 
1 88 1,  so  modified  Planters  process  as  to  greatly  de- 
crease the  amount  of  time  required  for  forming  the BfSh'sha. 
battery.     This  was  accomplished  by  giving  the  two  t'ttSSS 
lead  plates  a  coating  or  covering  of  red  lead,  andpuiST 
then  subjecting  them  to  the  forming  process  by  pass- 
ing the  current  between  them  when  immersed  in  a 
solution  of  sulphuric  acid  in  water.     Under  these 
circumstances,  the  plate  connected  with  the  anode 
was  more  highly  oxidized  into  lead  peroxide,  and  the 
plate  connected  with  the  kathode  became  covered 
with  a  layer  of  spongy  lead. 

In  order  to  more  carefully  consider  the  actions 
that  take  place  in  the  ordinary  Plante  cell,  let  us  sup- 
pose two  plates  of  lead,  A  and  B,  Fig.  14,  to  be 
placed  in  a  dilute  solution  of  sulphuric  acid  and 
water,  and  that  a  charging  source,  in  the  shape  of  a 
dynamo-electric  machine,  be  connected  as  shown,  the 
positive  terminal  to  A,  and  the  negative  terminal  to 
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B.  On  the  passage  of  the  current  between  the  plates 
in  tlie  direction  indicated  by  the  arrows,  or  from 
A  to  By  chemical  decompositions  will  occur,  whidi 
will  result  in  the  formation  of  lead  peroxide,  PbOj, 
on  the  surface  of  the  plate  A,  connected  to  the  anode, 
and  spongy  or  metallic  lead  on  the  surface  of  the 
plate  B,  connected  to  the  kathode.  On  the  termina- 
tion of  the  charge,  and  the  disconnection  of  the  bat- 
tery terminals  of  the  cell,  and  the  connection  of  the 
charged  plate  by  conductors  outside  the  liquid — ^in 
this  case  by  a  number  of  parallel  or  multiple  con- 
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Pig.  14.— Charging  and  Diacbarging  a  Plant^  Storage  Cell. 


nected  incandescent  lamps,  as  shown  on  the  right- 
hand  side  of  the  figure — a  current  will  be  produced 
which  will  flow  through  the  liquid  in  the  opposite 
direction  to  that  of  the  charging  current,  or  will 
pass  from  the  plate  that  is  covered  with  spongy  lead 
to  the  plate  covered  with  lead  peroxide,  that  is,  from 
B'  to  A'. 


The  result  of  this  discharging  current  is  to  cause 
some  of  the  lead  peroxide  on  the  plate  A'  to  give  up 
cme  atom  of  its  oxygen  to  the  metallic  lead  that 
covers  the  surface  of  B',  thus  leaving  both  plates 
covered  with  PbO.  As  soon  as  this  occurs,  the  cell 
beccmies  inactive,  or  is  no  longer  able  to  furnish  cur- 
rent without  being  recharged.  In  actual  practice  it 
is  found  best  not  to  continue  to  discharge  the  cell  as 
far  as  this  point. 
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For  the  sake  of  simplicity  we  have  described  the 
above  process  as  consisting  of  the  formation  of  lead  Reai  action 
.  peroxide  and  metallic  lead,  and  the  decomposition  as  Sg^?" 
consisting  in  one  atom  of  oxygen  leaving  the  leadSJ^w? 
peroxide  and  combining  with  the  metallic  lead  onSSTtSu 
the  opposite  plate.    As  a  fact,  however,  this  is  only  SSedl*' 
the  final  result  of  a  series  of  actions  that  are  too  com- 
plex to  discuss  at  length  in  this  book. 

The  life  of  a  storage  battery,  or  its  ability  to  con- 
tinue to  furnish  electric  currents,  depends  on  a  va- 
riety of  circumstances.    So  far  as  the  actions  above 
considered  are  concerned,  there  are  no  reasons  whySSacSaf- 
storage  batteries  should  not  continue  almost  indefi- oTttSmg? 
nitely  to  act  as  sources  of  current,  provided  they  are  ***'''^- 
recharged  at  proper  intervals.     In  actual  practice, 
however,  circumstances  occur  which  render  the  cell 
valueless  after  a  certain  length  of  time.     Of  the 
great  difficulties  that  arise  in  practice,  one  is  due  to 
the  tendency  of  the  coatings  of  peroxide  and  metallic 
lead  to  separate  themselves  from  the  surfaces  of  the 
plates,  thus  lessening  the  amount  of  current  the  cell 
is  able  to  produce.    Or  these  coatings  become  partly 
separated,  and  thus  greatly  increase  the  resistance  of 
the  cell,  and,  therefore,  lessen  its  output.    Again,  the 
differences  of  expansion  between  the  lead  and  the 
coatings  on  its  surface  cause  the  plates  to  buckle,  and  Buckling 
thus  become  detached.    Notwithstanding  these  diffi-  °  ^  '**• 
culties,  however,  storage  batteries  can  be  made  to 
continue  in  efficient  service  for  many  years. 

For  the  purpose  of  ensuring  a  better  adhesion  of 
the  active  material  to  the  surface  of  the  lead  plates,  usc  of 
as  well  as  for  the  purpose  of  increasing  the  extent  £pix>?ting 
of  their  surfaces,  the  lead  plates  are  roughened,  or,  ^  *  **' 
what  is  still  better,  are  made  in  the  shape  of  grids ; 
i.e.,  of  various  forms  of  open  network,  or  plates  con- 
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taining  numerous  perforations.  The  active  mate- 
rial is  formed  or  placed  within  these  perforations. 
The  length  of  life  of  the  storage  battery  during 
which  it  can  be  ccmtimercially  employed  can  also  be 
increased  by  avoiding  too  rapid  a  discharge  of  the 
cell,  and  also  by  avoiding  discharging  the  cells  too 
far,  and  taking  care  to  recharge  them  frequently. 
It  is  also  advisable  to  maintain  the  density  of  the 
sulphuric  acid  and  water  within  certain  fixed  limits. 

In  order  to  prevent  the  decomposition  of  flie  lead 
JiS^fgrids.  support  or  grid  during  the  act  of  charging,  the  lead 
of  which  it  is  formed  is  generally  alloyed  with  a 
small  quantity  of  antimony. 

Various  forms  have  been  given  to  the  storage  bat- 
teries now  in  general  use.    These  forms  can,  for  the 
punu       greater  part,  be  broadly  divided  into  two  classes; 
stongi      viz.,  those  of  the  Plante  tjrpe,  in  which  there  is  no 
battery.      ^^  ^£  j^j  placcd  on  the  support  or  grid,  but  the 

active  material  is  formed  out  of  the  substances  of  the 
Faure  type  lead  plate  by  the  act  of  the  charging  current,  and 
bitKrioT  those  of  the  Faure  tjrpe,  in  which  such  active  mate- 
rials are  placed  either  directly  or  indirectly  on  the 
grids. 

An  example  of  the  first  class  may  be  found  in  the 
"Gould"  plates.  Here  the  grids  or  supports  consist 
of  lead  alloyed  with  cadmium,  in  place  of  tHe  anti- 
stonge  mony  usually  employed.  On  these  grids  are  placed 
a  number  of  separate  sections,  which  are  prepared 
as  follows:  Blocks  of  dense,  rolled  sheet  lead,  as 
pure  as  can  be  obtained,  have  their  surfaces  cut  or 
spun  into  a  great  number  of  parallel  ridges  or 
grooves.  This  is  accomplished  by  placing  the  blocks 
in  steel  frames  between  two  rapidly  revolving  shafts, 
on  which  are  mounted  alternate  steel  disks  separated 
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by  spacing  washers.  The  knives  are  so  arranged 
that  they  merely  cut  into,  but  do  not  remove  any  of 
the  lead.  The  disks  or  knives,  as  they  cut  into  the 
lead,  merely  displace  the  lead  and  spin  it  in  the  form 
of  ribs  in  the  spaces  between  the  knives.  The  num- 
ber of  sections  that  are  mounted  on  each  grid  de- 
p^ids  on  the  character  of  the  cell,  and  on  the  po- 
larity of  the  plate,  the  positive  plate  having,  as  a 
rule,  twice  as  many  sections  as  the  negative  plate. 

It  is  claimed  that  the  above  method,  of  mechani- 
cally dividing  the  superficial  area,  increases  this  area 
to  from  lo  to  20  times  its  original  value,  thus  giving 


'^  Method 


from  200  to  400  square  inches  of  surface  per  pound 
of  lead,  and  providing,  at  the  normal  rate  of  dis-  „ 
charge,  some  250  inches  of  conducting  surface  perj^^^^ 
ampere  of  discharge.  The  plates  are  formed  as  in^^^^ 
the  original  Plante  process,  by  placing  them  in  a{J|J[^J.' 
dilute  solution  of  sulphuric  acid,  and  passing  the 
current  between  them.  The  general  appearance  of  a 
positive  and  negative  plate  is  shown  in  Fig.  15. 
Here  it  is  claimed  that,  with  a  superficial  area  of 
only  480  square  inches,  there  is  provided  a  contact 
area  of  4,800  square  inches. 
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Probably  by  far  the  greater  number  of  stCM*age 
batteries  now  in  every-day  use  are  of  the  "chlorid^' 
type,  as  made  by  the  Electric  Storage  Battery  Com- 
pany. Here  the  plates  cwisist  of  lead-anttmcmy 
grids,  containing  a  number  of  buttons  of  lead  perox- 
Ijcitotide"  j(jg  2j,(j  mrtallic  lead,  supported  on  the  negative  and 
positive  grids  respectively.  As  generally  arranged, 
a  number  of  separate  positive  plates  are  connected 
together  in  parallel,  to  form  a  single  positive  plate, 


"clSSje" 


Pie.  16.— Chloride  Trpc  of  Stonse  Cell,  Blectrk  Storafe  BmUtt  Cob- 
(Way,  Note  tbe  pmitloiu  of  the  t^nnlDals  A  uul  B,  and  tbe  uuU  buttou, 
etc,  of  wtlre  Duterlal  pUoed  in  tbe  leul-uilhnoaT  frid*. 


and  a  number  of  negative  plates  similarly  connected 
to  form  a  single  negative  plate,  A  battery  of  this 
type  is  represented  in  Fig.  16,  where  the  multij^e- 
connected  positive  and  negative  plates  are  connected 
as  shown  to  a  common  positive  and  negative  termi- 
nal. The  cell  here  represented  can  furnish  a  dis- 
charge of  25  amperes  for  8  hours,  35  amp^es  for 
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4  hoars,  50  amperes  for  3  hours,  and  100  amperes 
for  I  hour.  It  weighs,  when  filled  with  add  and 
ready  for  use,  136  pounds,  of  which  40  pounds  con- 
sists of  the  charge  of  acid.  The  cell  is  16  inches  in 
height. 

Where  it  is  desired  to  obtain  a  higher  E.M.F.  than 
can  be  supplied  by  a  single  cell,  a  number  of  sepa-  s* 
rate  cells  are  connected  in  series.  In  this  case,  them 
positive  and  negative  plates  of  contiguous  cells  are 
connected  together  in  the  manner  shown  in  Fig.  17. 


Pio.  17.— S«rie*.coancctei]  Ston|e  CelU,  "ChlorUe"  Type.    Here  [he  three 
•e(ariie  cells  are  connected  in  ■eriea,  thu  increuiagtbe  E.M.P.of  tbeMora^ 

Storage  batteries  are  now  generally  employed  for 
driving  the  motors  of  automobiles.     In  such  cases, 
the  connections  of  the  various  cells  will,  of  course,  ^^^^ 
depend  on  the  amount  and  pressure  of  the  driving  ^^^t'"' 
current  that  is  desired.    A  storage  battery,  suitable  ""J^S,?* 
for  such  use,  is  shown  in  Fig.  18.    The  battery  here  '"''*■ 
represented  is  capable  of  supplying  17  amperes  for 
3  hours.     It  weighs,   when  complete,  only   i8j4 
pounds,  and  has  a  height  of  1 1 J^  inches. 

In  the  Edison  storage  cell,  the  positive  and  nega- 
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tive  plates  ccwisist  of  active  material  placed  inside 
perforated  metallic  grids.  These  grids,  however, 
instead  of  being  formed  of  lead,  are  made  of  plates 


Eji^„  of  punched  steel.  The  positive  and  negative  grids 
"r^ior-  ^re  alike,  the  difference  being  obtained  by  a  differ- 
sge  '""•"Tence  in  the  character  of  the  active  material  that  is 


T  Negative  Plate  of  Edlioa 


placed  in  the  perforations.  The  electrolyte  employed 
consists  of  an  aqueous  solution  of  caustic  potash. 
The  shape  of  the  grsls  is  represented  in  Fig.  19, 
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where,  as  will  be  seen,  there  are  a  number  of  rec- 
tangtdar  openings,  shaped  like  the  panes  or  lights  of 
glass  in  an  ordinary  window,  there  being  24  of  these 
perforations  in  the  grid  represented  in  the  figure. 

The  iron  and  steel  grids  so  formed  are  filled  with 
two  different  kinds  of  active  material,  which  con- 
sists respectively  of  a  finely  divided  salt  of  nickel, 
and  a  finely  divided  salt  of  iron.  In  each  case  these 
salts  are  mixed  with  an  equal  volume  of  finely  di-^ 
vided  flaked  graphite,  merely  for  purposes  of  de-^^ISteo?* 
creasing  their  electric  resistance.  They  are  thenSL^Sy. 
solidified  into  briquets  by  pressure,  and  are  placed 
inside  of  metallic  boxes,  formed  of  thin  plates  of 
perforated  nickel  steel  of  such  size  that  they  can  be 
forced  by  heavy  hydraulic  pressure  into  the  rectan- 
gular openings  of  the  grids.  In  this  way,  there  are 
obtained  plates  that,  when  placed  in  the  electrolyte 
of  potash,  and  subjected  to  the  action  of  the  charg- 
ing current,  are  converted  into  a  hyperoxide  of 
nickel,  that  is,  an  oxide  higher  than  the  peroxide, 
and  into  spongy  metallic  iron.  After  the  discharge 
the  grids  are  covered  with  peroxide,  that  is,  a  lower 
oxide  of  nickel,  and  oxide  of  iron.  A  number  of 
separate  positive  and  negative  plates  are  connected 
together  in  multiple  arc,  as  in  the  ordinary  lead 
storage  battery. 

The  Edison  storage  cell  produces  a  voltage  of  1.5 
volts,  and  maintains  a  mean  voltage  of  i.i  volts  dur- 
ing the  discharge.    The  great  advantage  claimed  for 
the  Edison  storage  battery  lies  in  the  fact  that  its  vamiges'  of 
weight  is  far  less  than  that  of  the  ordinary  lead  bat-  stol^' 
tery,  thus  rendering  it  far  better  suited  for  the  driv-  '**"*^' 
ing  of  automobiles.     In  the  ordinary  lead  storage 
batteries,  the  weight  of  the  solution  is  equal  to  about 
44  per  cent  of  the  weight  of  the  active  material,  or 
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about  25  per  cent  of  the  total  weight  of  the  cell.  In 
the  Edison  cell,  however,  the  weight  of  the  solution 
is  only  some  20  per  cent  of  the  weight  of  the  active 
material,  and  only  14  per  cent  of  the  total  weight  of 
the  cell. 

The  length  of  time  it  is  possible  for  a  storage  bat-. 
tery  to  continue  economically  to  supply  current  de- 
pends, as  has  already  been  pointed  out,  on  the  care 
ft^audon  ^j^^^  j^^^  h^en  taken  of  it.  When  first  received  from 
mended  for  ^j^^  factory,  the  ordinary  lead  battery  should  be  given 
a  five  hours'  charge  at  the  normal  rate.  If  it  has 
been  shipped  with  the  electrol)rte,  as  is  sometimes 
done  when  the  distance  is  short,  it  should  be  charged 
at  a  lower  rate  for  a  proportionally  greater  length 
of  time.  Of  course  direct  currents  only  can  be  em- 
ployed in  charging.  In  charging,  great  care  must  be 
taken  to  see  that  the  positive  pole  of  the  charging 
source  is  connected  with  the  positive  wire  of  the  bat- 
tery, and  the  negative  pole  of  the  charging  source 
with  the  negative  wire.  Otherwise,  considerable 
damage  may  be  caused.  Great  care,  too,  should  be 
taken  to  maintain  a  constant  level  of  the  liquid  in 
the  cells.  If  the  loss  has  been  occasioned  by  evapo- 
ration, the  liquid  should  be  brought  to  its  normal 
level  by  the  addition  of  pure  water,  but  if  the  loss 
has  been  occasioned  by  spilling,  fresh  acid  solution 
should  be  added.  In  all  cases,  a  constant  density  of 
the  solution  is  maintained  by  the  frequent  use  of  a 
suitable  hydrometer. 

Charging  can  be  accomplished  by  means  of  cur- 

circuit  con- rent  taken  either  from  the  mains  that  supply  incan- 

charSng  **' descent  lamps  with  current,   or   from  the  trolley 

Jeii^^      wires.    The  connections  necessary  for  such  charging 

are  shown  in  Fig.  20.    In  the  case  of  the  "chloride" 

cells,  there  is  marked  on  the  battery  the  number  of 
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incandescent  lamps  that  should  be  connected  in  series 
or  in  parallel,  as  shown  in  the  above  figures. 


i^Bi:  I  Jill 
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Storage  batteries  can  be  applied  to  a  great  variety 
of  purposes.     Without  enumerating  all  of  these,  it 
is  interesting  from  a  historical  standpoint  to  note  a 
that,  as  early  as  1872,  Plante  constructed  a  variety '' 


of  incandescent  electric  lamp,  employing  platinum 
wire  for  the  incandescing  filament.  This  lamp  as- 
sumed the  form  shown  in  Fig.  21.    It  was  formed 
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of  a  platinum  wire  of  small  diameter,  that  was  ren- 
dered incandescent  by  the  passage  of  the  current 
from  two  of  his  secondary  cells.  Plante  employed 
two  of  these  lamps  in  dimly  lighting  a  room  where 
a  number  of  scientific  men  had  met  for  the  discus- 
sion of  some  of  the  practical  applications  of  the 
storage  battery.  Each  of  these  lamps  produced,  for 
about  an  hour,  a  light  of  one  candle-power. 

Storagebatteries  are  seldcwn  applied  for  the  opera- 
tion of  incandescent  lamps  on  any  large  scale,  since, 
for  such  purposes,  the  currents  produced  by  the  va- 
useof       rious  forms  of  dynamos  or  generators  already  de- 
battcriet    scribed  are  far  more  economical.    For  purposes  of 
of  carriages  isolated  lighting,  however,  where  primary  batteries 


and  staun 
can. 


have  previously  been  used — as,  for  example^  in  the 
lighting  of  the  lamps  of  carriages,  or  the  cars  on 
ordinary  steam  roads — storage  batteries  have  almost 
entirely  replaced  primary  batteries.  They  are  also 
much  employed  for  the  lighting  of  private  country 
residences  where  the  noise  of  a  steam  generating 
plant  would  be  objectionable. 

In  addition  to  the  above,  storage  batteries  have,  to 
a  great  extent,  replaced  primary  batteries  for  various 
kinds  of  dental,  medical  and  surgical  work ;  also  for 
^im^y    driving  the  motors  of  sewing  machines,  phonographs 
wwch*      2i"d  kinetoscopes.    They  have  been  employed  to  some 
5uS«    extent  in  various  systems  of  fire  alarms,  and  in  some 
have  been  systems  of  telegraphic  and  telephonic  communica- 
tion.    They  are  extensively  employed  for  electric 
vehicles,   electric   launches  and   electric  torpedoes. 
Although  efforts  have  been  made  to  apply  them  to 
the  propulsion  of  street  cars,  yet,  so  far,  the  systems 
already  in  use  have  proved  far  more  economical  and 
convenient. 

Perhaps  one  of  the  most  important  uses  for  which 
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Storage  batteries  are  employed  is  in  central  lighting 
and  power  stati(»is.     Here  they  are  used  to  supple- 
ment the  dynamos  and  generators  in  the  supply  of 
current  during  those  intervals  of  the  twenty-four  JJ;^ 
hours  of  the  day  when  an  unusual  demand  is  made  ^^^^SSi 
on  the  output  of  the  station.    In  the  New  York  Edi-  *•"<»»■ 
son  Electric  Lighting  Company's  sub-stations  on 
Manhattan    Island,    a    very    large    installation   of 
storage  batteries  is  employed.     The  standard  bat- 


Pio.  ».— BooMer  Set.  Gould  Comixiir't  Type  Note  the  principal  fuD» 
tlOQ  ol  m  booMer  Kt  wtwn  cmploTed  in  connection  witb  a  Horage  battery,  tIx., 
to  proTide  >  volume  extra  lo  tlut  of  line  Toltage  » that  the  buiery  may  cbaige. 


teries  used  in  these  sub-stations  contain  150  cells, 
each  having  a  capacity  of  4,000  ampere  hours  at 
a  ten-hour  rate  of  discharge.  The  batteries  are 
charged  from  the  bus-bars,  by  means  of  special  gen- 
erators, called  boosters,  that  is,  dynamos  inserted  in 
special  feeders  or  groups  of  feeders  for  the  purpose 
of  raising  their  pressure  above  the  other  feeders,  this 
increase  of  pressure  being  necessary  in  order  to 
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diarge  the  storage  batteries.  These  batteries  are 
charged  during  hours  of  light  load.  A  booster  set 
of  the  Gould  Company's  type  is  shown  in  Fig.  22. 
These  djmamos  are  shunt-wound.  An  installatimi 
of  a  lat^  storage  battery,  in  connection  with  a 
booster  set,  is  shown  in  Fig.  23. 


Vm.  31.— Large  Sla(ac«  Batterj  ii 

Sometimes  powerful  storage  batteries  are  installed 
on  electric  locomotives  for  the  purpose  of  either  re- 
inforcing the  regular  current  obtained  on  the  trolley 
wire,  or  at  times  of  operating  the  train  indq>en- 
dently  of  such  current.  Such  an  application  has 
been  made  an  the  electric  locomotives  that  are 
emplc^d  on  the  Baltimore  &  Ohio  Railroad  for 
hauling  the  trains  and  locomotives  through  the 
Baltimore  tunnel. 

Plante,  by  the  use  of  a  great  number  of  separate 
Ij^^„  secondary  cells,  connected  in  series  to  form  a  sii^le 
!.h!^.  battery,  conducted  a  remarkable  series  of  experi- 
i^"*"  ments  on  the  luminous  effects  produced  by  the  pas- 
snSJrtrf  sage  of  high  E.M.F.  discharges  through  liquids.  He 
'■^^      employed,  in  some  of  these  experiments,  a  series- 
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connected  battery  B,  Fig.  24,  consisting  of  twenty 
simple  secondary  cells,  and  connecting  in  series,  as 
shown,  with  the  galvanometer  G,  the  voltameter  V, 
containing  a  dilute  solution  of  sulphuric  add  and 
water,  and  the  platinum  wire  F.  When  the  positive 
wire  was  dipped  in  the  liquid  he  noticed  that  as  soon 
as  the  negative  wire  was  plunged  beneath  the  surface  shc?th  w* 
there  was  no  liberation  of  gas,  but  a  luminous  sheath  S^tve 
appeared  around  the  wire,  the  positive  wire  setting 
free  only  a  small  quantity  of  gas.  The  galvanometer 
needle  showed  only  a  slight  deviation,  and  the  plati- 
num wire  F  was  but  feebly  heated,  proving  that 
only  comparatively  feeble  currents  were  passing. 
In  a  few  moments,  however,  as  the  E.M.F.  of  the 


wire. 
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Fig.  24.— Phenomenon  of  the  Luminous  Sheaih. 


battery  falls,  the  luminous  sheath  disappears,  and 
an  abundant  evolution  of  gas  occurs  suddenly  at 
both  poles,  the  galvanometer  needle  showing  a 
marked  deflection  and  the  platinum  wire  becoming 
heated  to  incandescence  throughout  its  entire  length. 
The  color  of  the  light  is  at  first  white,  and  then 
passes  successively  to  blue  and  violet,  and  toward  »^??f 
the  last,  a  few  seconds  before  the  passage  of  theshSSl"* 
strong  current,  changes  to  a  reddish  purple. 

In  order  to  study  the  effects  produced  by  increas- 
ing the  E.M.F.,  Plante  employed  a  great  number  of 
cdls,  adopting  the  expedient  of  charging  these  cells,  ^^^^^ 
when  connected  in  parallel,  by  the  current  produced  gf^fj^^ieg 
from  two  to  four  Bunsen  cells.     He  afterward  con-  ^;^^^^ 
nected  the  storage  cells  in  series,  the  change  fr<Mn  the 
series  to  the  parallel  connection  being  obtained  by 
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the  use  of  a  suitable  ctnnmutator.  By  these  means 
he  could  expend,  at  will,  in  a  few  moments,  all  the 
energy  that  had  accumulated  during  several  hours. 

In  the  powerful  secondary  battery,  shown  in  Fig. 

25,  there  are  400  secondary  cells,  divided  into  ten 
^  batteries  of  40  cdls  each.  When  so  desired,  another 
J^  battery  of  the  same  size,  in  an  adjoining  room,  could 

be  connected  with  this  battery  by  suitable  wires,  thus 

placing  at  his  disposal  a  discharge  from  800  cells. 

Although  such  E.M.F.'s  would  not  be  excessive  as 


ria.  1}.— Powerrul  Seriet-coanected  BatKry  of  40U  Storage  Cctla.  Note 
the  powerful  discliarBc  that  is  obtained  by  the  diacharge  of  ttaeie  Morage 
batxerle)  io  a  few  minutes. 

compared  with  E.M.F.'s  that  can  be  produced  to- 
day by  other  means,  yet,  owing  to  the  small  resist- 
ance of  the  storage  cells,  the  momentary  .currents 
produced  must  have  been  of  very  great  strength. 

When  a  battery  of  200  cells  was  connected  with 
tiie  glass  vessels  containing  liquids,  shown  in  Fig. 
26,  one  of  which  contained  sulf^uric  acid  and  the 
others  a  solution  of  common  salt  and  water,  some 
curious  phenomena  were  observed.  When,  as  in  the 
case  of  the  vessel  on  the  extreme  left-hand  side  of 
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the  figure,  the  positive  terminal  was  first  immersed 
below  the  surface  of  the  acidified  water,  on  the  ap- 
proach of  the  negative  tenninal  toward  the  surface 
of  the  liquid  a  fusion  of  the  negative  wire,  or  its 
vaporization,  was  produced,  accompanied  by  a  slight 
explosion  and  a  flame  that  varied  in  color,  accord- 
ing to  the  metal  employed  for  the  conducting  wire. 
By  employing  a  smaller  quantity  of  acid  in  the  water, 
so  as  to  liius  increase  its  resistance,  the  approach  of 
the  negative  wire  was  accompanied  by  a  continuous 
series  of  sparks  that  were  attended  by  a  crackling 
noise.  These  continued  for  a  few  moments,  until 
the  E.M,F.  of  the  battery  was  reduced. 


Fio.  96.— Lnmiooot  Liquid  GlotnilcB,  prodacad  by  (as  Cclli. 

When  the  negative  terminal  of  the  battery  was 
immersed  below  the  surface  of  the  liquid,  as  in  the 
case  of  the  two  remaining  cells,  which  in  this  case  ^^ 
contained  a  solution  of  common  salt,  the  approach  of  "w",^ 
Ihe  positive  terminal  produced  a  different  character 
of  result.  The  wire  was  not  melted,  but  a  small 
luminous  liquid  globule  was  formed,  accompanied 
by  a  curious  noise.  As  the  wire  was  gradually  with- 
drawn from  the  liquid,  the  globule  increased  in  size, 
as  is  represented  at  the  right-hand  side  of  the  figure, 
taking  on  a  rapid  rotary  motion,  and  flattening  as  a 
result  of  this  motitKi.  But  what  is  most  curious,  as 
we  are  assured  by  M.  Plante,  was  that  the  direction 
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of  this  rotation  was  not  constant,  as  would  have  been 
the  case  had  it  been  caused  by  electro-magnetic  whirl- 
ings, but  that  it  sometimes  moved  in  one  direction 
and  sometimes  in  the  opposite. 

A  still  more  curious  phenomenon  was  that  pro- 
duced when  the  terminals  of  the  secondary  battery 
of  800  cells  were  placed  in  connection  with  the  coat- 
ings of  a  condenser.  This  condenser  consisted  of  a 
Wonderful  sheet  of  mica,  on  the  opposite  faces  of  which  were 
SoS*!>?thc  placed  coatings  of  tin-foil.  When  these  coatings 
2iJrt^?c*°'  were  connected  with  the  terminals  of  the  battery, 
^^*^  the  condenser  was  charged  in  a  manner  similar  tx> 
the  Leyden  jar.  If,  however,  by  chance  a  weak  spot 
existed  in  any  part  of  the  mica,  and  the  opposite 
charges  pierced  the  dielectric,  in  place  of  there  being 
an  instantaneous  discharge  between  the  two  coat- 
ings, a  fusion  both  of  the  metal  and  of  the  dielec- 
tric occurred,  and  an  incandescent,  brilliant,  lumi- 
nous globule  moved  slowly  and  with  a  peculiar  noise 
over  the  surface  of  the  metallic  coating,  tracing  an 
irregular,  sinuous  line  on  the  metal.  The  shape  of 
this  track  is  that  represented  in  Fig.  27,  as  accu- 
rately reproduced  from  a  tracing  made  by  the  wan- 
dering globule  in  one  of  Planters  experiments.  The 
positions  successively  assumed  by  the  globule  are 
represented  at  A,  B,  C,  D,  E,  etc.,  in  the  regular 
order  of  the  letters  of  the  alphabet. 

In  view  of  the  above  and  some  other  experiments 

he  made  in  wandering  sparks,   Plante  formed  a 

theory  for  the  phenomena  of  globular  or  ball  light- 

thl?ry  of    ning.     He  suggested  that  such  balls  are  due  to  the 

ffiobCur     passage  of  high  tension  discharges  between  the  two 

ghtning.   ^Q^^j^gg  Qf  ^  Leyden  jar,  consisting  respectively  of 

the  earth  and  the  upper  regions  of  the  atmosphere, 
such  discharges  passing  from  one  coating  to  the 
other  through  ascending  columns  of  moist  air.    We 
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have  already,  in  VcJ.  I,  sug^^ted  that  to  this  ex- 
planation should  be  added  the  possible  action  of  the 
actual  decMnposition  of  some  of  the  so-called  chem- 
ical elements  into  the  state  that  is  represented  by 
split  attxns  or  electrons. 


Fio.  ir.— Fbeaooic 


If  a  sheet  of  filter  paper,  moistened  by  salt  water, 
be  connected  with  the  negative  terminal  of  a  sec- 
ondary battery  of  400  elements,  and  the  positive 
terminal  be  touched  to  any  part  of  thp  positive  sur-  fufB** 
face,  a  flash  of  light  is  produced,  together  with  apo«ibi. 
rapid  evolution  of  vapor,  so  that  a  crater-shaped  1 
cavity  will  be  formed,  having  the  appearance  rep- 
resented in  Fig.  28.  Plante  points  out  the  resem- 
blance between  this  crater-shaped  opening  and  the 
spots  observed  in  the  photosphere  of  the  sun,  and 
suggests  the  possible  electric  origin  of  these  spots. 


eoKniniiK. 
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Observing  that,  when  a  luminous  spark  was 
formed  against  the  sides  of  a  glass  vessel,  the  w^alls 
of  the  glass  were  deeply  corroded,  Plante  conceived 


the  idea  of  engraving  on  glass  by  high-potential  elec- 
tric discharges.  He  did  this  in  the  manner  shown  in 
Fig.  29,  where  the  negative  terminal  of  a  battery  of 
from  50  to  60  elements  is  moved  over  the  surface 
of  a  glass  plate  that  is  covered  with  a  saline  solution, 
preferably  nitrate  of   potash,  the  positive  termi- 


nal having  been  previously  placed  in  the  solution. 
Under  these  circumstances,  a  luminous  spark  appears 
wherever  the  negative  electrode  approaches  the 
glass.  This  spark  permanently  corrodes  the  glass 
or  engraves  its  movements  on  its  surface,  causing, 
in  this  particular  case,  the  words  "Engraving  on 
glass  by  electricity." 
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Electric 


CHAPTER   V 

ELECTRIC     FURNACES     AND     SOME     MISCELLANEOUS 
APPLICATIONS     OF     ELECTRO-CHEMISTRY 

The  future  can  take  care  of  itsdl  The  artificial  produc- 
tion of  nitrate  is  dearly  within  view,  and  by  its  aid,  the  land 
devoted  to  wheat  can  be  brought  up  to  the  30  bushels  per 
acre  standard." — Professor  Crookes 

BROADLY  speaking,  an  electric  furnace  is  a 
furnace  in  which  electrically  generated  heat 
is  employed  either  for  effecting  difficult  fu- 
sions, for  the  extraction  of  metals  from  their  ores, 
or  for  other  metallurgical  operations.    In  the  electric 
furnace  the  heat  is  obtained  either  from  electric  in*  fumMc 
candescence,  or  from  the  voltaic  arc.     Where  the 
voltaic  arc  is  employed,  the  substances  to  be  treated 
are  either  exposed  directly  to  the  arc,  or  are  placed 
in  its  immediate  neighborhood.    The  direct  method 
has  been  employed  in  the  case  of  some  furnaces  for 
treating  ores  where  the  crushed  ores  are  permitted 
to  slowly  fall  through  the  arc.     In  other  furnaces, 
however,  the  ores  or  other  substances  to  be  treated 
are  placed  between  electrodes,   the  current  being 
passed  through  them  after  they  have  been  fused 
either  by  an  ordinary  furnace,  or  by  heat  of  electric 
origin.      Electric  furnaces  may,   therefore,   be  di- 
vided into  two  general  classes;  viz.,  resistance  f^^-TwodMaes 
naces,  where  the  materials  are  heated  by  their  own  furnaces, 
resistance,  and  arc  furnaces,  where  they  are  heated 
either  directly  by  the  voltaic  arc,  or  by  being  placed  f^^l^ 
in  its  neighborhood.    In  other  words,  arc  furnaces  fJ^„JJ^ 
may  be  divided  into  direct-arc  furnaces  and  reflect- 
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ing-arc  furnaces,  in  which  the  heat  is  thrown  on  the 

charge  by  reflection  from  suitable  surfaces.  To  the 
SSSS^eT"  above  may  be  added  the  additional  class  of  furnaces 
tag.i^***"  in  which  an  electrolytic  separation  is  obtained,  by 
furnaces,    passing  the  current  through  the  materials  after  they 

have  been  fused  by  the  action  of  heat  however 

obtained. 

In  cases  where  the  reduction  is  carried  on  l^  mix- 
ing crushed  ores  with  suitable  fluxes  and  with  car- 
Direct-  bon,  the  heat  may  be  obtained  by  the  action  of  either 
e?«Sc  alternating  or  direct  currents.  Where  electrolytic 
IliySttf-  decompositions  are  effected,  direct  currents  only  can 
?S?reS"t  be  employed.  In  some  cases,  where  alternating  cur- 
fumacem.    ,.^jj^g  ^^^  employed,  it  is,  as  yet,  uncertain  whether 

the  furnace  actions  are  obtained  by  the  action  of  heat 
alone,  or  by  electrolytic  decomposition.  In  most 
operations,  however,  heat  is  probably  the  sole  cause 
of  the  reactions. 

Although  electric  furnaces  have  only  come  into 
extended  practical  use  during  the  past  few  decades, 
yet  they  were  known  and  operated  on  a  small  scale 
Electric     ^t  a  comparatively  early  date.     This  was  only  what 
kJSSn*     was  to  be  expected,  since,  as  soon  as  scientific  men 
dS^*"*^  became  aware  of  the  exceedingly  high  temperatures 
that  could  readily  be  obtained  either  by  the  voltaic 
arc,  or  by  electric  incandescence,  they  applied  such 
sources  of  artificial  heat  to  various  furnace  opera- 
tions. 

The  pioneer  in  the  construction  of  electric  fur- 
naces was  Davy,  whose  brilliant  discoveries  of  so- 
JioMinS   dium,  potassium,  and  other  metals  have  already  been 
ciS:Sfc**'    referred  to.    In  some  of  his  experiments,  in  order 
furnaces.    ^^  eliminate  the  effects  of  the  atmosphere,  he  placed 
the  fused  potash  on  which  he  was  operating  in  closed 
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glass  tubes,  and  led  the  decomposing  current  through 
the  tube  by  means  of  platinum  wires.  In  other  ex- 
periments, he  passed  the  current  through  potash 
while  in  a  state  of  igneous  fusion.  Either  of  these 
processes  may  be  regarded  as  having  necessitated 
the  use  of  a  primitive  electric  furnace. 


Early 


In  1815,  Pepys  demonstrated  the  identity  in  the 
chemical  constitution  of  the  diamond  and  carbon  by 
employing  an  electric  furnace  of  an  exceedingly  SSlric 
simple  construction.  He  bent  an  iron  wire  in  thep/^^*^ 
shape  of  a  V,  and  formed  a  deep  cut  in  the  middle 
of  the  bend  by  a  file.  Placing  a  small  quantity  of 
diamond  dust  in  this  cut,  he  raised  the  temperature 
of  the  iron  to  intense  incandescence  by  the  passage 
of  an  electric  current.  At  the  end  of  the  operation 
he  found  that  the  diamond  had  united  with  the  iron, 
and  had  changed  it  into  steel. 

In  1844,  James  Napier,  of  England,  took  out  a 
patent  for  an  electric  furnace,  in  which  the  sub- 
stances to  be  operated  on  were  placed  in  a  crucible  of 
graphite,  or  other  refractory  material,  that  was  a 
conductor  of  electricity.  The  crucible  was  lined,  ex-  ciSric' 
cept  at  the  bottom,  with  clay,  or  other  refractory  of  1844. 
substance  that  was  also  a  non-conductor  of  electric- 
ity. The  calcined  ore  to  be  treated  was  subjected  to 
the  heat  of  an  ordinary  fire.  When  the  temperature 
of  fusion  was  reached,  the  mass  was  then  subjected 
to  the  passage  of  an  electric  current,  the  terminals  of 
the  electric  source  being  connected  respectively  with 
the  crucible  and  with  the  molten  material  placed  in- 
side of  it. 

In  1849,  Despretz,  a  member  of  the  French  Acad-  ^^p,^,, 
emy  of  Sciences,  constructed  electric  furnaces  with  jjjjjjjc 
which  he  conducted  an  extended  series  of  experi- 
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ments  on  the  fusion  and  volatilization  of  various 
substances.  In  a  paper  read  before  the  Academy, 
December  17,  1849,  Despretz  announced,  as  he  then 
believed,  that  he  had  succeeded  in  fusing  carbon. 
It  was  during  these  experiments  that  Despretz  no- 
ticed that,  at  the  high  temperatures  at  which  he  was 
operating,  a  part  of  the  carbon  was  converted  into 
graphite.  The  electric  current  employed  by  Despretz 
in  these  furnaces  was  obtained  from  a  battery  con- 
sisting of  600  Bunsen  cells.  His  experiments  were 
made  with  carbon  in  various  forms,  such  as  anthra- 
cite and  bituminous  coal,  graphite,  and  even  the  dia- 
mond. In  fusing  these  substances,  they  were  either 
exposed  directly  to  the  heat  of  the  arc,  or  they  were 
fashioned  in  the  shape  of  slender  rods,  and  rendered 
incandescent  by  the  passage  of  the  current  through 
them. 

In  185 1,  Charles  Watt,  of  England,  invented  an 
electric  furnace  designed  for  the  electrolytic  decom- 
position of  metallic  salts  of  such  metals  as  are  readily 
JStric  volatilizable  at  high  temperatures.  Watt  applied  this 
furnace,  fumacc  to  the  preparation  of  the  metals  of  the  al- 
kalies. The  salt  to  be  electrolyzed  was  first  fused 
by  the  heat  of  an  ordinary  furnace,  and  the  decom- 
posing current  sent  through  the  fused  mass.  A  hood 
was  placed  over  the  kathode  for  the  collection  of  the 
vapor  of  the  metals  that  was  liberated  at  this  point. 

In  1853,  Watson  and  Prosser  invented  an  elec- 
tric furnace  designed  for  use  in  "An  improved  meth- 
wationandOd  of  manufacturing  sted  and  of  carburizing  iron." 
SmrtT"    It  may  be  mentioned,  in  this  connection,  that  the 
furnace,     ^j-qq J  jj^  ^f  employing  electric  currents  for  improv- 
ing cast-iron,  or  converting  it  into  steel,  appears  to 
have  occurred  to  many  metallurgists.     Among  some 
of  those  who  proposed  to  make  such  use  of  electric 
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currents  may  be  mentioned  Wall,  in  1843;  Holmes, 
in  1856;  Dawes,  in  1867;  Monckton,  in  1869;  and^^~ij, 
Metier,  in  1871.     It  is  interesting,  in  this  connec-jjj^^ 
tion,  to  note  that  the  Holmes  above  referred  to,  was  '""'•, 

'  '  production 

the  Holmes  whose  dynamo-electric  machme  wasj^j^j 
used  at  an  early  date  in  an  English  lighthouse. 

In  1873,  Werdermann,  to  whom  we  have  already 
referred  in  connection  with  the  invention  of  the  semi- 
incandescent  electric  lamp,  invented  a  form  of  elec- 
tric   furnace   in    which    he  Employed   the  current 
obtained    from    a    dynamo-electric    machine.      InwenJer- 
Werdermann's  furnace,  the  ore  to  be  heated  wasSSuIS 
first    crushed,    mixed    with    the   proper    flux,  and  '""""^ 
brought  to  the  heat  of  fusion  by  means  of  an  ordi- 
nary furnace,  and  was  then  subjected  to  the  actitxi 
of  the  current  passed  through  the  molten  mass. 


.— Slemcns'i  ElccI 


Charles  William   Siemens    invented  an  electric 
furnace  in  1879.     One  form  of  this  furnace  is  rep-  sinnarf* 
resented  in  Fig.  30.     It  consists  of  a  means  forfjj^^ 
obtaining  an  intense  heat  by  forming  a  voltaic  arc 
inside  of  a  crucible  of  a  refractory  material.     The 
terminals  A  and  B  are  formed,  A  of  carbon,  and  B 


it 

11 

Some  net- 
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of  some  metallic  substance  cooled  by  the  circulation 

of  water.     In  order  to  avoid  the  tendency  of  the 

voltaic  arc  to  pass  to  the  walls  of  the  crucible,  that 

Hi^togtoojg  made  of  graphite,  the  inventor  adopted  the  ex- 

SeStric      pedient  of  surrounding  the  outside  of  the  crucible 

furnace     ^j^j^  ^  ^^jj  ^£  wire.     In  order  to  give  some  idea  of 

the  operation  of  this  electric  furnace,  the  following 
results  obtained  by  its  use  are  given  by  Hunting- 
ton in  a  paper  read  before  the  British  Association 
for  the  Advancement  .of  Science,  in  August,  1882. 
"The  current  employed,  which  was  of  from  250 
to  300  amperes,  was  obtained  from  five  dynamo- 
electric  machines,  four  of  which  were  coupled  to- 
gether, and  the  other  was  employed  as  an  exciter. 
A  number  of  difficult  fusions  were  effected,  viz. : 
(i)   Six  pounds  of  wrought   iron  were  kept 
Si?rete3'  in  the  heat  of  the  arc  for  twenty  minutes  and  then 
rJ^-SSy  poured  into  a  mold.     The  cooled  metal  was  found 
h^     to  be  crystalline  and  to  no  longer  possess  the  ability 
to  be  wrought. 

"(2)  Twenty  pounds  of  steel  were  completely 
melted  in  one  hour  in  a  single  charge. 

"(3)  Three-fourths  of  a  pound  of  copper,  placed 
in  carbon  dust,  was  melted  in  half  an  hour— only 
three-fourths  of  an  ounce,  however,  was  found  re- 
maining in  the  retort.  The  rest  had  been  vaporized. 
"(4)  One-quarter  of  an  hour  was  sufficient  to 
reduce  eight  pounds  of  platinum  to  the  liquid  state. 

"(5)  Some  curious  results  were  noticed  both 
during  the  fusion  and  vaporization  of  tungsten, 
and  in  the  properties  of  the  product  as  found  in 
the  electric  crucible." 

The  electric  furnaces  before  referred  to  afford 
admirable  instances  of  inventions  bom  before  the 
times  were  ripe  for  them.  Although  many  of  the 
furnaces  already  described  are  capable,  with  trifling 
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modifications,  of  being  applied  to  regular  work,  yet 
they  failed  mainly  because  of  the  very  large  electric 
currents  required  for  their  commercial  use.     When, 
however,  cheap  currents  produced  on  a  large  scale, SSrfefw^ 
as  at  Niagara  Falls,  made  it  possible  to  supply  enor-  SSiS^* 
mous  currents  at  low  rates,  manufactures,  based  2^^^fu"i. 
either  on  the  use  of  electric  furnaces,  or  of  electro- 
chemical processes  generally,  rapidly  multiplied,  un- 
til they  have  to-day  reached  to  such  proportions  that, 
at  Niagara  Falls,  some  45,000  horse^power  is  em- 
ployed in  some  20  electric  processes  for  reducing  the 
metals  or  producing  chemical  compounds. 

Coming  now  to  the  electric  furnaces  actually  em- 
ployed to-day,  we  find  that  they  are  mainly  of  the 
incandescent  and  the  direct-arc  heating  types.  What 
principally  serves  to  distinguish  them  from  the  elec-  eiectdc 
trie  processes  employed  in  the  early  history  of  the  ""****^ 
art,  is  the  enormous  currents  they  employ.  The 
modem  electric  furnace  consists  practically  of  a  heat- 
tight  chamber,  lined  with  some  highly  refractory 
substance,  generally  blocks  of  carbon,  and  rendered 
nearly  non-conducting,  so  far  as  heat  is  concerned, 
by  some  such  refractory  substance  as  magnesia  or 
chalk  forming  the  body  of  the  furnace.  By  the  aid 
of  these  furnaces  it  is  possible  to  obtain  a  tempera- 
ture not  far  below  that  of  the  boiling  point,  or  point 
of  vaporization  of  carbon. 

The  advantage  of  the  electric  furnace  lies  largely  . 
in  the  ease  with  which  its  heat  can  be  regulated  by 
the  regulation  of  the  heating  current.     Under  theAdvan- 
exceedingly  high  temperatures  so  obtained,  tempera-  modern 
tures,  moreover,  that  are  readily  maintained  for  furnaces 
practically  any  length  of  time,  chemical  substances 
are  formed  that  would  have  been  otherwise  un- 
known, since,  at  th^  high  temperatures  employed, 
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chemical  reactions  take  place  that  would  be  impos- 
sible at  lower  temperatures.  It  will  be  interesting, 
therefore,  to  call  attention  to  some  of  the  practical 
applications  of  modem  electric  furnaces. 

One  of  the  earliest  of  such  products  is  a  material 
called  carborundum,  a  carbide  of  silicon,  which  was 
obtained  by  Acheson  in  1893.  This  substance  is 
now  generally  employed  as  an  abrasive  for  cutting 
and  polishing-  hard  substances,  being  well  suited  for 
such  purposes,  since  it  is  almost  as  hard  as  the 
diamond.  It  is  manufactured  as  follows :  Granular 
coke  is  placed  in  the  form  of  a  conducting  core  in 
the  centre  of  the  longitudinal  furnace  shown  in  Fig. 


Fig.  }i.— Muuluiue  of  OubonuiduB-^Acliaon'i  Pmetm. 

31,  directly  between  a  series  of  carbon  rods,  that 
are  connected  with  the  terminals  of  some  powerful 
source  of  electricity.  This  core  is  surrounded  by  a 
mixture  of  carbon,  sand,  sawdust,  and  common  table 
salt  The  furnace  is  closed,  and  an  dectric  current 
passed  through  the  core  so  as  to  render  it  highly 
incandescent.  Under  the  prolonged  influence  of  the 
heat,  a  combination  occurs  between  the  carbon, 
mainly  of  the  core,  and  partly  of  the  surrounding 
carbcKi,  with  the  silioHi  of  the  sand,  a  carbide  of 
silicon,  or  carborundum  resulting.  The  scale  on 
which  this  manufacture  of  carborundum  is  carried 
on  may  be  judged  from  the  fact  that  ten  furnaces 
are  employed,  the  fire-brick  bed  of  each  furnace  be- 
ing 16  feet  lc»ig  and  5  feet  wide,  and  the  furnace 
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being  2  feet  thick  and  8  feet  high.     The  general 
appearance  of  such  a  furnace  is  shown  in  Fig.  32. 

Ahemating  electric  currents  are  employed   for^^^j 
heating  the  furnace  charges,  the  electric  pressure  be-  Jj,*;^""' 
ing  reduced  frtMn  the  high  pressure  mains  employed  j"^^^ 
for  carrying  the  current  from  the  generators  by  *"""=*■ 


Fie.  jt.— CuboruDdun 


means  of  a  step-down  transformer.  By  the  use  of 
a  r^ulator,  the  voltage  can  be  varied  from  250 
volts  at  starting  to  185  volts  after  the  core  and  fur- 
nace have  become  thoroughly  heated,  thus  giving  a 
current  at  starting  of  2,000  amperes,  and  a  current 
of  8.000  amperes  when  the  furnace  has  become 
heated.     Each  furnace  takes  a  charge  of  about  1,000 
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lb,  of  core  matter,  and,  after  a  run  of  some  36  hours, 
produces  from  3  to  4  tons  of  cartxnTindum.  After 
^a  complete  run,  the  furnace  is  allowed  slowly  to  coc^ 
for  several  hours,  and  is  then  gradually  imcovered. 
Besides  its  use  as  an  abrasive,  caitonindum  has 
been  employed  to  add  to  steel,  in  order  to  ensure 
sound  castings,  it  being  possible  to  introduce  silicon 
in  this  manner  into  the  steel  without  the  danger  of 
contaminatii^  it  with  sulphur  or  phosphorus. 

Another  valuable  product  of  the  dectric  furnace 
is  calcium  carbide.     This  is  produced  by  subjecting 


Fio.    J3. — Electric   Fdtnace   lor  the  Maoafactore  of  Cikhim  Caibidi, 

a  mixture  of  lime  and  carbon  to  the  prolonged  ac- 
tion of  a  voltaic  arc.     Various  forms  are  given  to 
\;^^^  such  furnaces,  one  of  which  is  shown  in  Fig.  33. 
itkiS^"'   Here  B  consists  of  a  crucible  of  carbon  ot  grat^ite, 
cu-udc     which  is  attached  to  one  of  the  terminals  of  the  dy- 
namo D.     The  other  terminal  of  the  dynamo  is  con- 
nected with  a  large  carbon  electrode,  C,  that  can 
be  moved  toward  or  from  the  charge  by  a  screw 
threaded  shaft  g,  under  the  action  of  h.    The  mix- 
ture of  lime  and  carbon  is  placed  at  the  bottc»n  of 
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the  fomace,  at  e,  and  an  arc,  produced  by  means  of 
an  alternating  current  of  5,000  amperes,  at  a  pres- 
sure of  25  volts,  is  caused  to  act  directly  00  the 
charge.  A  tap  hole  at  d  is  provided  for  running 
off  the  material  from  time  to  time.  Calcium  car-2?5^ 
bide  is  produced  in  large  quantities,  most  of  which  SSS*. 
is  employed  for  the  manufacture  of  acetylene  gas, 
employed  for  producing  a  brilliant  light  when  burned 
in  air.  The  gas  is  liberated  from  the  calcium  car- 
bide by  merely  throwing  the  carbide  in  water. 

The  production  of  calcium  carbide  by  the  electric 
furnace  leads  all  other  of  the  electro-chemical  in- 
dustries, so  far  as  the  amount  and  value  of  the  prod-  pil^^^ 
uct  are  concerned.  It  is  estimated  that  no  less  than  SLbwil** 
250,000  horse-power  of  electric  current  is  employed 
in  different  parts  of  the  world  for  producing  this  sub- 
stance. The  total  annual  output  is  about  300,000 
tons  per  year,  of  which  fully  1-5  is  made  in  Amer- 
ica. At  the  Union  Carbide  Works,  at  Niagara 
Falls,  where  carbide  is  made,  the  entire  output  of  one 
5,000  horse-power  dynamo  is  employed  for  this 
purpose. 

Another  valuable  product  of  the  modem  electric 
furnace  is  graphite.     This  is  now  produced  in  large 
quantities  by  the  International  Acheson  Graphite 
Company,  at  Niagara  Falls.     As  we  have  already  faSc^ 
pointed  out,  it  was  long  known  that  the  effect  ofdurti<mof^ 
the  prolonged  action  of  heat  oti  carbon  was  to  con-  SsSaiy.*" 
vert  it  into  graphite.     Mr.  Acheson,  under  whose 
process  graphite  is  now  being  produced  artificially, 
observed  that,  at  the  centre  of  the  core  employed  in 
his  furnace  for  the  production  of  carborundum,  a 
mass  of  graphite  was  formed.     In  order  to  obtain 
a  good  output  of  carborundum,  it  is  necessary  to 
maintain  a  certain  adjustment  between  the  currents 
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passing  through  the  furnace  at  different  times  dur- 
ing the  process;  and  this  depends  on  the  resistance 
of  the  core.  A  careful  study  of  the  conditions  nec- 
essary to  obtain  this  adjustment  led  Mr.  Acheson  to 
devise  the  process  now  employed  for  the  production 
of  graphite  artificially.  His  process  is  based  on  the 
OT  whS  f^ct  that  metallic  carbides,  when  decomposed,  in- 
iSS^h-  variably  produce  graphite.  The  process  is  said  to 
to%MS!"  be  based  on  three  United  States  patents,  one  of 
which  is  for  the  production  of  pure  arc-light  car- 
bons, by  subjecting  impure  carbons  for  a  long  time 
to  the  heat  sufficient  to  volatilize  the  impurities. 
Another  patent  is  for  the  general  principle  of  ob- 
taining graphite  artificially  by  the  decompositicm  of 
metallic  carbides,  and  hence,  consists  of  first  con- 
verting carbon  into  graphite  by  mixing  it  with  scMne 
substance  that  is  capable  of  converting  it  into  a  me- 
tallic carbide,  and  afterward  into  graphite  by  de- 
composing such  carbide.  The  third  patent  is  for 
the  use,  for  this  conversion  into  graptoite,  of  such 
natural  carbonaceous  materials  as  contain,  uniformly 
mixed  throughout  their  mass,  such  metallic  oxides 
as  are  capable  of  forming  carbides,  and  afterward, 
graphite.  In  view  of  the  prior  state  of  the  art,  it 
would  seem  more  than  probable  that  many  difficul- 
ties may  arise  in  broadly  sustaining  these  patents. 

The  process  is  very  successful.     Two  classes  of 
products  are  obtained;  viz.,  graphitized  molded  ar- 
^r?pwti^'  tides  of  artificially  produced  graphite,  in  which  the 
ISfidSJo?  conversion  is  obtained  by  subjecting  molded  articles 
wSStt^     to  the  passage  of  the  current  while  so  stacked  in  the 
furnace  that  the  principal  heat  produced  by  the  pas- 
sage of  the  current  shall  be  limited  to  the  articles 
themselves.     The  heating  of  the  furnace  begins  at 
a  pressure  of  220  volts,  with  3,000  amperes  of  cur- 
rent; these  values  are  gradually  changed,  as  the 


.    AID    FOR    THB    DEAF 
The  "AcouMlcan,"  i  device  of  M.  R.  Hutchlxin'*.  coailiilni  al  ■   *m*ll 
robber  dlih  receiver,  an  nrclecc,  and  •  itny  electric  btncrf.    The  receiver, 
■tucbed  10  the  cloihlDf.  collecia  ibe  touad,  which  Itae  earpiece   Inlenilllc* 
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furnace  becomes  heated,  to  a  pressure  of  80  volts, 
with  9,000  amperes  of  current.  Twenty  hours  are 
required  to  convert  the  charge  into  g^phite.  Ar- 
ticles so  converted  are  largely  employed  as  electrodes 
in  various  electrolytic  processes. 

Another  process  carried  on  at  the  same  works 
consists  in  the  conversion  of  carbon  in  bulk  into 
graphite.     Carbon  is  employed  in  some  such  form 
as  coal,  throughout  the  mass  of  which  a  small  ^^J/ 
quantity  of  finely  divided  metallic  impurities  in  the  £liSk!***° 
shape  of  oxides  of  iron,  are  uniformly  distributed. 
Such  coal  is  often  found  in  clean-washed,  pea  or 
buckwheat,  anthracite  coal.     The  heat  necessary  for 
the  conversion  is  obtained  by  placing  the  coal  in  the 
furnace  around  a  core  of  granular  carbon  that  has 
been  partially  converted  into  graphite.    The  furnace, 
in  which  this  operation  is  carried  on,  is  lined  with  SSS^ST" 
blocks  of  carborundum,  a  substance  that  has  been  u^^^^ 
found  to  possess  very  high  refractory  powers.     A 
furnace  requires  about  20  hours  to  convert  the  ma- 
terial into  graphite. 

The  extent  of  the  actual  manufactures,  based  on 
the  above  processes,  may  be  obtained  from  the  fact  out^  of 
that,  according  to  the  United  States  Census  report,  Stifidaiiy 
the  product  of  graphite  at  this  one  plant  at  Niagara  ^S. ' 
Falls  reached,  in  1900,  a  total  of  1,400,000  lb. 

Another  exceedingly  valuable  application  of  the 
electro-chemical    processes    employed    at    Niagara 
Falls  is  for  the  production  of  metallic  aluminium.  S^pro- 
This  is  accomplished  by  several  processes,  conducted  i^Smfc**' 
on  so  large  a  scale  that,  according  to  the  United  *^™*~"°' 
States  Census  report,  the  amount  produced  in  this 
country  during  1899  was  6,500,000  lb.,  the  total 
value  of  the  product  being  $2,112,500.      Metallic 
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aluminium  is  produced  at  Niagara  Falls  by  the 
Pittsburg  Reduction  Company  at  two  works,  one 
of  which  is  situated  on  the  grounds  of  the  Niagara 
JSunf  ^^^'^  Power  Company,  and  the  other  at  the  edge 
convertefm.  ^f  ^^  gorge  bclow  the  falls.  These  works  employ 
more  than  10,500  horse-power.  The  process  is  an 
electrolytic  one.  Consequently,  the'  alternating  cur- 
rents furnished  by  the  Niagara  Falls  Power  Com- 
pany must  first  be  converted  into  direct  current. 
This  is  done  by  taking  the  alternating  currents  re- 
ceived from  the  transmission  wires  at  a  pressure  of 
2,250  volts,  and  passing  them  through  step-down 
transformers,  by  which  they  are  reduced  in  pressure 
to  115  volts,  and  then  converting  them  into  direct 
current,  at  a  pressure  of  160  volts,  by  means  of  ro- 
tary converters. 

The  reduction  is  effected  by  passing  the  current 
through   a  number   of   reducing  pots,   containing 
Electro-     baths  of  fused  cryolite,  to  which  aluminitun  oxide 
aluminium  h^s  been  added.     The  energy  of  the  current  is  ex- 
p'******     pended  both  in  reducing  the  materials  in  the  reduc- 
ing pots  or  electrolytic  cells,  and  in  keeping  the 
charge  in  a  molten  condition.     Metallic  aluminium 
is  drawn  from  the  furnace  at  regular  intervals  and 
fresh  oxide  added,  the  process  being  a  continuous 
one. 

Another  valuable  electro-chemical  process,  also 

established  at  Niagara  Falls,  is  the  electroljrtic  proc- 

cutner      ess  for  the  production  of  caustic  alkali  and  bleaching 

AiSr      salts.     This  manufacture  is  carried  on  by  the  Cast- 

™'*"^    ner  Electrolytic  Alkali  Company,  under  a  process 

patented  by  Mr.  Castner  in  1894.     In  this  process, 

the  electrolytic  cell  consists  of  a  slate  box,  4  feet 

long,  4  feet  wide  and  6  inches  deep,  divided  into 

three  compartments,  by  means  of  two  partiticms, 
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under  each  of  which  are  grooves.  These  partitions 
extend  to  within  1-16  of  an  inch  from  the  bottom 
of  the  cell.  The  three  compartments  are  made  inde- 
pendent of  one  another  by  means  of  a  layer  of  mer- 
cury that  extends  up  against  the  lower  part  of  the 
partition.  The  central  compartment  is  kept  filled 
with  pure  water,  and  the  remaining  two  compart- 
ments on  each  side  are  filled  with  a  solution  of  brine, 
or  chloride  of  sodium,  from  the  electrolysis  of  which 
the  metallic  sodium  is  obtained.  The  two  brine 
compartments  are  provided  with  numerous  anodes 
of  graphitized  carbon,  extending  through  the  sides 
of  the  tanks  to  within  about  an  inch  of  the  surface 
of  the  mercury.  On  the  passage  of  the  current 
through  the  brine  solution,  electrolytic  decomposi- STSS***" 
tion  occurs,  metallic  sodium  being  liberated  at  the^df^d 
mercury  kathode,  with  which  it  immediately  com- p!^der°' 
bines,  and  the  chlorine  gas  passing  off  at  the  carbon 
anodes  through  rubber  tubes  connected  with  the 
tops  of  gas-tight  covers  placed  on  the  cells.  This 
chlorine  is  employed  in  the  manufacture  of  bleach- 
ing salts.  By  automatically  and  continuously  tilting 
the  cell  from  one  side  to  the  other,  the  automatic 
circulation  of  the  mercury  between  the  charging 
and  the  discharging  compartments  is  ensured.  The 
water  is  decomposed  by  the  sodium  alloyed  with  the 
mercury  in  the  central  cell,  while  sheets  of  iron, 
connected  as  a  kathode,  serve  to  liberate  the  hydro- 
gen given  off  from  the  caustic  soda  of  the  solu- 
tion. The  solution  of  caustic  soda  is  evaporated  to 
solid  caustic  soda.  Each  cell  requires  630  am- 
peres of  current  at  4.3  volts. 

Metallic  sodium  is  produced  by  the  Niagara  Elec- 
tro-Chemical Company,  at  Niagara  Falls,  by  the 
electrolysis  of  a  fused  caustic  soda,  carefully  main- 
tained at  a  temperature  but  very  little  above  its  melt- 
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ing  point.  On  the  decomposition  of  the  fused  mass 
by  the  passage  of  the  current,  sodium  and  hydrogen 
^ISS^?  appear  together  at  the  kathode,  and  oxygen  at  the 
SJdhS!"*'  anode.  In  order  to  prevent  the  reoxidatioa  of  the 
sodium  and  hydrogen  with  dangerous  explosions, 
a  gauze  or  screen  is  placed  around  the  kathode,  the 
meshes  of  which  are  sufficiently  large  to  permit  the 
circulation  of  the  electrolyte,  but  not  large  enough 
to  permit  bubbles  of  hydrogen  with  globules  of  so- 
dium to  pass. 

Another    electro-chemical    product   produced    at 
Niagara  Falls  is  an  artificial  corundum,  obtained 


Artificial 


«>rundttin.  by  fusing  bauxite  and  hydrate  of  alumina,  and  then 
permitting  it  to  slowly  cool.  The  product,  which 
possesses  the  hardness  of  corundum  and  the  tough- 
ness of  emery,  is  employed  in  the  arts  as  an  abrasive. 


Still  another  electro-chemical  product  produced 
at  Niagara  Falls  consists  of  soluble  salts  of  barium, 
that  are  manufactured  from  the  insoluble  sulphate 
of  barium,  in  an  electric  furnace,  by  fusing  a  mix- 
ture of  barium  sulphate  and  small  quantities  of  car- 
bon. Barium  hydrate,  the  principal  product,  is  em- 
ployed in  the  manufacture  of  white  paints,  in  sugar 
refining  for  recovering  sugar  from  dilute  solutions, 
and  for  the  purpose  of  softening  the  water  employed 
in  steam  boilers. 


Manafao- 
ture  of 
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Another  process  has  recently  been  established  at 
Niagara  Falls,  which  would  appear  to  be  of  the 
greatest  significance.  It  may,  indeed,  profoundly 
affect  the  world's  industries,  since  it  is  a  process  for 
the  production  of  nitric  acid  and  such  valuable 
atmoap  ere  f^^jjj^ers  as  sodium  or  calcium  nitrate  directly  from 
the  atmosphere.  This  process  is  based  on  the  fact 
observed  by  Priestley,  in  1785,  as  well  as  by  Caven- 
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fertilizers 
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dish  at  a  later  date,  that  nitric  acid  may  be  directly 
formed  by  the  union  of  the  nitrogen  and  oxygen  of 
the  air  by  the  passage  of  electric  discharges  through 
it.  This  process  affords  another  of  the  many  in- 
stances in  which  well-known  processes  can  only  be 
conducted  on  a  commercial  scale  when  electricity 
can  be  cheaply  produced. 

The  process  is  thus  described  by  Professor  Chand- 
ler, of  the  Columbia  University,  of  New  York  City : 

"The  apparatus  consists  of:   A  nitrifying  cham- 
ber, which  is  a  vertical  cylinder  provided  with  ar- chandler 
rangements  for  maintaining  a  large  number  of  dec-  S^*S^iJ" 
trie  arcs ;  a  motor  for  causing  the  shaft  in  the  nitrifier  StwgS!*^ 
to  rotate  in  order  to  produce  the  arcs ;  a  motor-actu- 
ated blower  for  forcing  a  current  of  air  through  the 
nitrifier;  a  chamber  in  which  the  reaction  between 
the  gases  is  completed;  an  absorption  tower  which 
extracts  from  the  air  coming  from  the  nitrifier  and 
the  chamber  the  oxides  of  nitrogen  produced  by  the 
reaction,  and  a   10,000- volt  dynamo  driven  by  a 
2,000-volt  motor." 

In  the  experiments  which  Dr.  Chandler  conducted 
he  reports  that : 

"The  absorption  tower  was  thoroughly  washed 
out  and  the  d)mamo  was  set  in  motion.  A  solution 
of  caustic  soda  was  allowed  to  trickle  through  the 
absorption  tower,  and  the  energy  employed  in  pro- 
ducing the  arcs  was  carefully  measured. 

"The  experiment  was  continued  for  two  hours, 
two  and  a  half  minutes,  the  energy  consumed  during 
this  period  being  12,500  watt  hours,  equivalent  to 
12.5  kilowatt  hours. 

"The  product  was  carefully  collected,  measured, 
and  analyzed,  in  order  to  ascertain  the  amount  of 
nitric  acid  or  its  equivalent  produced  during  the 
experiment. 
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"It  was  found  that  the  product,  which  actually 
consisted  of  nitrate  and  nitrite  of  soda,  contained 
the  equivalent  of  one  and  one-quarter  pounds  of  one 
hundred  per  cent  nitric  acid,  equivalent  to  1.785 
pounds  of  seventy  per  cent  nitric  add.     (A  commcm 
commercial  strength  of  this  acid.)      Twelve  and 
SSatf  of  five^tenths  kilowatt  hours  of  energy  produced,  there- 
prSdSSng  ^^^^»  1785  pounds  of  scvcnty  per  cent  acid.     One 
ni^cacid  kilowatt   hour  therefore  produced   0.143   pounds. 
*™*"y      One  kilowatt   per  year  would   therefore  produce 
1,253.5  pounds  of  seventy  per  cent  acid.     Assum- 
ing the  cost  of  energy  to  be  twenty  dollars  per  year 
per  kilowatt,  the  expense  for  energy  would  be  a  lit- 
tle less  than  1.6  cents  per  pound  of  seventy  per 
cent  acid.      The  current  price  of  this  acid  at  the 
present  time  is  five  cents  per  pound. 

"At  the  rate  at  which  the  acid  was  produced  in 
this  experiment,  the  yield  of  this  unit  of  apparatus 
would  be  8,766  pounds  of  seventy  per  cent  acid  per 
annum." 

The  nitrifying  chamber  employed  in  the  above 
process  is  shown  in  Fig.  34.  It  consists  of  a  cast- 
iron  tank,  in  which  a  vertical  iron  shaft  revolves  300 
times  per  minute.  On  this  shaft  are  placed  148  sets 
Description  of  wircs  tipped  with  platinum,  which  are  caused  by 
of  process,  ^j^^  ccntrffugal  force  to  stand  out  horizontally,  and 
so  be  brought  near  an  equal  number  of  similar  plati- 
num tipped  wires  that  are  connected  with  the  sides 
of  the  tank.  Each  wire  is  furnished  with  an  in- 
ductance coil,  so  that  it  may  be  able  to  form  an 
independent  electric  arc  or  spark  across  the  air  gap 
between  the  two  wires.  The  current  employed  to 
produce  these  arcs  is  furnished  by  a  d3mamo  at  a 
pressure  of  10,000  volts.  In  front  of  each  line  of 
points  is  an  air  pocket,  that  collects  the  air  as  it  is 
decomposed    by    the    electric    arcs,    and    leads    it 
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through  pipes  to  the  absorption  tower,   where  a 
shower  of  water  takes  up  the  acids  that  are  formed. 
Besides  the  enormous  importance  of  a  process  that  g"*' 
is  thus  able  to  obtain  an  indefinite  supply  of  a  fer-  oj^o« 
tilizer  so  valuable  in  increasing  the  amount  of  the 
world's  total  wheat  crop,  the  great  number  of  pur- 


poses for  which  nitric  acid  is  employed  in  the  arts, 
such  as  in  the  manufacture  of  high  explosives,  arti- 
ficial coloring  matters,  the  production  of  celluloid, 
etc.,  would  seem  to  indicate  that  this  branch  of 
electro-chemical  manufacture  may  soon  become  one 
of  the  world's  leading  industries. 
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Many  other  valuable  processes  are  employed  both 
at  Niagara  Falls  and  elsewhere.  Amcmg  these  may 
be  mentioned  the  production  of  phosphorus  from 
§255^1^  natural  phosphate  rocks,  the  production  of  potassium 
pmona.  chloratc  f rom  potassium  chloride,  the  manufacture  of 
camphor  from  turpentine,  the  manufacture  of  bari- 
um carbide  and  the  cyanides  by  processes  similar  to 
those  employed  in  the  production  of  calcium  carbide, 
the  manufacture  of  ammonia,  the  direct  production 
of  oxides  of  lead  from  galena,  and  the  manufacture 
of  the  silicides  of  calcium,  barium,  and  strontium. 

The  silicide  of  calcium  is  a  substance  that,  like 
carbide  of  calcium,  possesses  the  power  of  liberating 
a  fixed  gas  when  thrown  into  water,  only,  in  the 
^l^Vnd  case  of  silicide  of  calcium,  hydrogen  gas  is  liber- 
Mirogen  ^^^^  instead  of  acetylene.  One  pound  of  calcium 
silicide  liberates  18.5  cubic  feet  of  hydrogen.  This 
is  of  especial  importance,  from  the  fact  that  it  is 
possible  thus  to  readily  fill  balloons  with  hydrogen 
gas.  The  silicide  of  barium  is  also  said  to  possess 
the  valuable  property  of  removing  sulphur  and  phos- 
phorus from  molten  steel. 

To  the  preceding,  there  might  be  added  the  manu- 
facture of  sulphuric  acid,  but  our  limited  space  will 
*^  prevent  any  further  mention.     What  has  already 
been  given  will  amply  sufiice  to  show  the  great  value 
of  electro-chemistry  in  the  practical  arts. 

In  all  the  cases  of  electro-chemical  decomposi- 
tion just  referred  to,  it  has  been  necessary  to  use 
the  direct  electric  current.  When  alternating  elec- 
tric currents  are  sent  between  two  insoluble  elec- 
trodes, through  a  solution  capable  ol  being  electro- 
lyzed,  the  electro-positive  and  dectro-negative  ions, 
that  are  alternately  liberated  at  each  electrode,  re- 
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combine  as  fast  as  they  are  set  free,  so  that  no  per- 
manent  decomposition   can   be   observed.      Under 
certain  circumstances,   however,   these  recombina- J^^n^iJ*^ 
tions  are  not  complete,  so  that  some  permanent  de-  re^tTotS"'^' 
composition  results.     This  will  be  the  case  where  gJJ^IISent 
the  ions,  liberated  during  the  passage  of  the  current  dmm^^ 
in  one  direction,  are  capable  of  reacting  on  the  solu-  "*''^°* 
tion  to  form  insoluble  compounds.      Under  these 
circumstances,  the  compound  is  removed  from  the 
influence  of  the  electrode,  and  is  no  longer  able  to 
recombine  with  the  other  substances  liberated. 


II 

THE    ELECTRIC    TELEPHONE 


CHAPTER  VI 

REIS,  BELL,  GRAY,  AND  DOLBEAR.    THEIR  CONNECTION 
WITH  THE  SPEAKING  TELEPHONE 

"Is  there  anything  whereof  it  may  be  said,  see  this  is  new? 
It  hath  been   already   of  old   time,   which   was   before   us." 

— EccL  ft.  10 

THERE  is,  probably,  not  a  single  piece  of  elec- 
tric apparatus  that  contains  so  many  elements 
of  the  marvellous  as  does  the  articulating  or 
speaking  telephone.     It  is  marvellous  in  the  sim- 
plicity of  its  construction ;  it  is  marvellous  in  its  op- 
ManreiioQs  eration,  combining  as  it  does  a  dynamo-electric  gen- 
Sfihe        erator  driven  by  the  voice  of  the  speaker,  and  an 

speaking         ,  ,  ,  , 

telephone,  elcctro-mag^ctic  motor  that  acts  so  as  to  exactly 
reproduce  the  spoken  words,  and  all  this  with  appa- 
ratus of  the  simplest  type ;  finally  it  is  marvellous  in 
the  simplicity  of  its  action,  being  of  such  simple 
character  that  it  requires  absolutely  no  training  or 
skill  for  its  use.  All  that  one  is  required  to  do  is 
either  to  speak  or  to  listen.  It  is  able  to  transmit 
any  language  that  is  capable  of  being  spoken,  no 
matter  what  may  be  the  character  of  its  phonetic 
elements,  provided  a  fairly  clear  articulate  speech 
Practical  *^  employed.  It  will  operate  as  well  for  an 
ubiquity,  uncultured  savage  as  it  will  for  the  most  accom- 
plished electric  engineer.  It  should  not  be  a  matter 
of  surprise,  therefore,  that  the  advent  of  this  won- 

(94) 
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derful  device  has  to-day  almost  revolutionized  meth- 
ods of  doing  business.  By  its  aid  the  modern  busi- 
ness man  becomes  almost  ubiquitous.  He  is  able, 
with  a  velocity  greater  than  that  demanded  by  Puck, 
to  speed  along  a  particular  wire,  among  the  intricate 
network  of  wires  that  extend  in  all  directicms  across 
a  great  city,  or  a  section  of  country,  and  to  enter  the 
office  or  private  room  of  his  correspondent,  obtain- 
ing almost  instantaneous  audience,  and,  transacting 
his  business  as  well  as  if  actually  present,  to  then 
shut  off  communication  and  return  to  his  office 
actually  instantaneously. 

The  rapid  growth  of  the  speaking  telephone  has 
been  almost  as  marvellous  as  the  instrument  itself. 
In  1882,  there  were  some  148  companies  or  private 
parties  in  the  telephone  business,  employing  some 
54,319   receiving  instruments,   and  using,   in  the 

-„••<•  ^       '1  ^  Wonderful 

transmission  of  messages,  some  34,305  miles  of  con-  growth 
ducting  lines,  with  an  actual  outlay  of  capital  in-speaidng 
vested  in  the  business  of  some  fifteen  and  one-half  **  ^  "*^ 
million  dollars.  In  1900,  according  to  the  report  of 
the  Bell  Telephone  Company,  its  various  systems 
included  about  1,500  exchanges,  with  1,080,000  sub- 
scribers, employing  1,254,203  miles  of  conductors, 
and  transmitting  some  2,000,000,000  conversations 
per  year.  This  business  required  an  invested  capital 
for  the  parent  and  the  sub-companies  of  at  least 
$300,000,000.  Moreover,  it  must  be  remembered 
that  the  above  figures  are  for  the  Bell  Company 
only.  During  later  years,  numerous  companies  have 
come  into  existence  that  are  entirely  indq)endent 
of  the  Bell  Company.  Those  covering  a  part  of 
the  United  States  only  had  erected  exchanges  to 
the  number  of  2,750,  with  700,000  subscribers,  rep- 
resenting capital  invested  amounting  to  $150,000,- 
000. 
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So  rapid  has  been  the  increase  in  the  use  of  tele- 
one  tele-  phoncs  in  the  United  States  that,  at  the  beginning  of 
cwy  forty  this  century,  according  to  the  Census  Report  for 
IS^thc'*"'*  1900,  there  was  in  the  entire  country  one  telephone 
statw?  in  use  for  every  40  inhabitants,  while,  in  some  places, 
as,  for  example,  in  San  Francisco,  such  use  had 
reached  the  wonderful  total  of  one  for  every  12. 

When  it  is  borne  in  mind  that  the  telephone  is  now 
employed  in  every  civilized  country  in  the  world,  and 
is  even  in  use  to  some  extent  in  all  parts  of  the 
world,  the  wonderful  growth  of  this  marvellous  in- 
strument will  perhaps  be  better  appreciated.  Solo- 
mon's plaint  concerning  things  that  are  new,  referred 
to  at  the  opening  of  a  prior  chapter,  applies  with  spe- 
cial force  to  this  great  invention,  so  far  as  its  early 
history  is  concerned. 

Although  the  United  States  Court,  after  a  most 
prolonged  litigation,  awarded  the  priority  of  the 
invention  of  the  speaking  telephone  to  Alexander 
Graham  Bell,  of  the  .United  States,  yet  a  careful 
study  of  the  facts  would  undoubtedly  appear  to 
of  opinion  award  the  credit  for  this  invention  to  a  German, 
coufto  aid' Johann  Philipp  Reis,  who  produced  an  instrument, 
tifi^cwwid  called  by  him  the  telephone,  as  early  as  i860.    Al- 
ter of  the    though  it  has  been  denied  by  some  experts  that  the 
Reis  apparatus  is  capable  of  transmitting  clear  artic- 
ulate speech,  yet  equally  able  experts  have  sworn  to 
the  fact  that  not  only  would  apparatus  built  in  strict 
accordance  with  the  Reis  apparatus  transmit  articu- 
late speech,  but  that  models  of  such  apparatus  that 
were  in  existence  long  before  Bell  claimed  to  have 
invented  the  telephone,  will  still  transmit  speech.    It 
|will  suffice,  in  this  connection,  to  quote  the  follow- 
ing opinion  of  Prof.  Sylvanus  P.  Thompson,  ivom 
his  interesting  book,  entitled  "Philipp  Reis,  the  In- 
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ventor  of  the  Telq)hone-"    The  Professor  is  refer- 
ring to  the  statement,  so  frequently  made,  that  the 
Reis  telephone  will  only  transmit  musical  notes.    He  ifiJS^r 
remarks  that,  for  such  assertions,  "the  one  reply  is  taveMiSn 
silence,  and  a  mute  appeal  to  the  original  writings  ui^hone. 
of  Reis  and  his  contemporaries,  and  to  the  tangible 
witness  of  inexorable  scientific  facts.    All  the  most 
important  of  these  will  be  found  in  their  appropriate 
place.    They  amply  establish  the  following  points : 

"(i.)  Reis's  telephone  was  expressly  intended  to 
transmit  speech. 

"(22.)  Reis's  telephone,  in  the  hands  of  Reis  and 
his  contemporaries,  did  transmit  speech. 

"(3.)  Reis's  telephone  will  transmit  speech." 

In  addition  to  the  above,  it  may  be  well  to  call  at- 
tention to  the  fact  that  Edison,  who  invented  the 
famous  carbon  transmitter,  frankly  admitted  that  he  ^^M^t^ 
was  started  in  his  invention  on  the  telephone  byfen*TIy*"" 
reason  of  a  manuscript  translation  of  a  report  on^*^ 
the  Reis  telephone;  that  he  was  aware  that,  in  the 
Reis  instruments,  "single  words,  uttered  as  in  read- 
ing, speaking  and  the  like,  were  perceptible  indis- 
tinctly, notwithstanding,  here  also  the  inflections  of 
the  voice,  the  modulations  of  interrogation,  wonder, 
command,  etc.,  attained  distinct  expression." 

Prof.  Dolbear,  the  inventor  of  the  static  telephone, 
in  a  paper  on  the  telephone  read  before  the  Society  Doibear  on 
of  Telephonic  Engineers,  March,  1882,  in  referring  inTenSSn. 
to  the  Reis  instruments,  stated : 

"The  speaker  could  testify  that  the  instrument 
would  talk  and  would  talk  well.  The  identical  in- 
struments would  do  that,  so  that  Reis's  transmitters 
would  transmit,  consequently,  his  receivers  would 
receive ;  and  Reis  did  transmit  and  receive  articulate 
speech  with  such  instruments." 
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In  addition  to  the  above,  Moncel,  in  his  book  en- 
titled "The  Telephone,"  at  least  accords  to  Reis  the 
merit  of  being  the  starting-point  of  the  invention. 
He  says,  in  this  connection: 

"Nevertheless,  it  would  not  be  just  not  to  acknowl- 
edge that  the  Reis  telephc«ie  formed  the  starting- 
SikSSii-  point  of  all  the  others;"  adding  these  pregnant 
iSSftd^  words:  "It  is  probable  that,  in  this  manner,  as  in 
ff^urtinp  the  greater  number  of  modern  inventions,  the  origi- 
i3?phone  iial  inventor  obtained  only  insignificant  results,  and 
inventions.  ^^^^  j^  ^^^  ^j^^  ^^^^  ^j^^  g,.g^  succecdcd  in  arranging 

his  apparatus  so  as  to  obtain  really  striking  results, 
that  received  the  honor  of  the  discovery  and  ren- 
dered it  popular." 

But  it  would  be  both  impossible  and  unwise  to* 
enter  any  further  into  this  controversy  in  a  book  of 
this  character.  It  will  be  interesting,  however,  to 
give,  in  some  little  detail,  a  brief  account  of  the 
early  history  of  the  telephone. 

In  a  memoir  published  by  Reis  in  the  "Jahresbe- 
richt"  of  the  Physical  Society  of  Frankfort,  for  the 
year  1860-61,  entitled  "On  the  Telephone  by  the 
Galvanic  Current,"  he  clearly  states  both  the  prin- 
Rcia's  clear  ciples  according  to  which  sound  waves  are  propa- 
Sf  th?prin-  gated,  and  the  manner  in  which  such  waves  are  able 
Sfi^Sne?*  to  carry  different  sounds  to  the  human  ear.  He  de- 
clares that  it  should  be  possible  to  transmit  such 
sounds  electrically.  He  points  out  the  fact  that  every 
tone  and  every  combination  of  tones  that  enters  the 
human  ear  causes  its  membrane  or  ear  drum  to  vi- 
brate, and  that  such  vibrations  can  all  be  rep- 
resented by  curves;  that  the  motions  of  these  vi- 
brations produce  the  sensations  of  sound,  and 
that  every  change  in  the  motion  must  be  accom- 
panied by  a  change  in  the  sensation.     He  claims. 
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therefore,  that,  as  soon  as  it  shall  be  possible,  at 
any  place  and  in  any  manner,  to  set  up  vibrations 
whose  curves  are  like  those  of  any  given  tone,  or 
combinaticHi  of  tones,  we  shall  receive  the  same  im- 
pression as  that  tone  or  combination  of  tones  would 
have  produced  upon  us. 

Reis  then  proceeded  to  describe  the  apparatus 
shown  in  our  Fig.  35,  as  follows : 


telephooe. 


Fig.   35. — One  of  Reis's  early  forms  of  Telephone. 

"Taking  my  stand  on  the  preceding  principles,  I 
have  succeeded  in  constructing  an  apparatus  by 
means  of  which  I  am  in  a  position  to  reproduce  the 
tones  of  divers  instruments,  yes,  and  even  to  a  cer-  Rds'i 
tain  degree  the  human  voice.  It  is  very  simple,  and  ofw?*^****" 
can  be  clearly  explained  in  the  sequel,  by  aid  of  the 
figure : 

"In  a  cube  of  wood,  r  s  t  uvw  x,  there  is  a  coni- 
cal hole,  fl,  closed  at  one  side  by  the  membrane  h 
(made  of  the  lesser  intestine  of  the  pig),  upon  the 
middle  of  which  a  little  strip  of  platinum  is  ce- 
mented as  a  conductor  of  the  current  (or  electrode). 
This  is  united  with  the  binding-screw,  p.  From  the  Trawmit- 
binding-screw  n  there  passes  likewise  a  thin  strip  ment.  ™" 
of  metal  over  the  middle  of  the  membrane,  and  ter- 
minates here  in  a  little  platinum  wire  which  stands 
at  right  angles  to  the  length  and  breadth  of  the 
strip. 
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"From  the  binding-screw,  p,  a  conducting-wire 
leads  through  the  battery  to  a  distant  station,  ends 
there  in  a  spiral  of  copper-wire,  overspun  with  silk, 
which  in  turn  passes  into  a  return-wire  that  leads  to 
the  binding-screw,  n. 

"The  spiral  at  the  distant  station  is  about  six 
inches  long,  cc«isists  of  six  layers  of  thin  wire,  and 
receives  into  its  middle  as  a  core  a  knitting-needle, 
which  projects  about  two  inches  at  each  side.  By 
Sdving  the  projecting  ends  of  the  wire  the  spiral  rests  upon 
instrument.  ^^Q  bridgcs  of  a  sounding-box.  (This  whole  piece 
may  naturally  be  replaced  by  any  apparatus  by  means 
of  which  one  produces  the  well-known  ^galvanic 
tones.') 

"If  now  tones,  or  combinations  of  tones,  are  pro- 
duced in  the  neighborhood  of  the  cube,  so  that 
waves  of  sufficient  strength  enter  the  opening  a,  they 
will  set  the  membrane  b  in  vibration.  At  the  first 
condensation  the  hammer-shaped  little  wire  d  will 
be  pushed  back.  At  the  succeeding  rarefaction  it 
can  not  follow  the  return-vibration  of  the  mem- 
brane, and  the  current  going  through  the  little  strip 
(of  platinum)  remains  interrupted  so  long  as  until 
the  membrane,  driven  by  a  new  condensation,  presses 
the  little  strip  (coming  from  p)  against  d  once  more. 
In  this  way  each  sound-wave  effects  an  opening  and 
a  closing  of  the  current. 


"But  if  these  actions  follow  one  another  more 
rapidly  than  the  oscillations  due  to  the  elasticity  of 
the  iron  core,  then  the  atoms  can  not  travel  their 
entire  paths.  The  paths  travelled  over  become 
Action  shorter  the  more  rapidly  the  interruptions  occur,  and 
apparatus,  in  proportiou  to  their  frequency.  The  iron  needle 
emits  no  longer  its  longitudinal  tone,  but  a  tone 
whose  pitch  corresponds  to  the  number  of  interrup- 
tions (in  a  given  time).    But  this  is  saying  nothing 
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less  than  that  the  needle  reproduces  the  tone  which 
was  imparted  to  the  interrupting  apparatus." 

The  appearance  of  the  transmitting  and  receiving  ^  ^^^^ 
instruments,  as  contained  in  a  prospectus  of  instruc-  "^"f^, 
tion  prepared  by  Reis  to  acccanpany  instruments,  is""«^' 


Fta  36. — Reu's  Ttsiumitting  uid  BecelviiiB  Telephone  contuoed  in 
his    Prtupectua. 

represented  in  Fig.  36.  At  A  is  the  telephone  or 
transmitting  instrument;  C  the  reproducing  appa- 
ratus or  receiver;  B  represents  part  of  the  conduct- 
ing wire  that  connects  the  two  stations.  The  electro- 
magnet,  placed  on  the  side  of  the  transmitting 


FiO.   3?. — Yeate*'!  Electro-magoetie  Receiver  for  Reii'a  Telephone. 

instrument,  is  for  the  purpose  of  signalling.  As  re- 
gards this  apparatus,  Reis,  in  this  prospectus,  says : 
"Besides  the  human  voice  (according  to  my  expe- 
rience), there  also  can  be  produced  the  tones  of  good 
organ  pipes." 
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One  of  the  Reis  telephone  sets  was  sold  to  a  Mr. 
Yeates,  an  instrument-maker  of  Dublin,  who  re- 
SSw.  placed  the  knitting-needle  electro-magnet  by  an  elec- 
tro-magnet moimted  on  a  sounding  box,  as  shown  in 
F^S-  37*  Yeates  exhibited  this  instrument  at  a 
meeting  of  the  Dublin  Philosophical  Society,  in  No- 
vember, 1865,  when  singing  and  words  were  trans- 
mitted. 

Leaving  now  the  question  of  the  Reis  invention, 
we  come  to  that  of  Bell.  Bell  filed  an  application 
for  a  United  States  patent  on  February  14,  1876. 
The  appearance  of  his  original  apparatus  is  shown 
in  Fig.  38.  This  apparatus  is  described  in  the  lan- 
guage of  his  specification  as  follows : 


Fig.    38.— Bell's  Original  Telephone.     This  form  was  employed  in  his 
•  patent  application  of  Feb.   14,   2876. 

"The  armature  c  is  fastened  loosely  by  one  ex- 
tremity to  the  uncovered  leg  d  of  the  electro-magnet 
S»aSpdon  ^^  ^^^  ^^  other  extremity  is  attached  to  the  centre 
teiepLne.  ^^  ^  stretchcd  membrane,  a.  A  cone,  A,  is  used 
to  converge  sound-vibrations  upon  the  membrane. 
When  a  sound  is  uttered  in  the  cone  the  membrane, 
a,  IS  set  in  vibration,  the  armature,  c,  is  forced  to 
partake  of  the  motion,  and  thus  electrical  undulations 
are  created  upon  the  circuit  E,  b,e,f,g.  These  undula- 
tions are  similar  in  form  to  the  air  vibrations  caused 
by  the  sound;  that  is,  they  are  represented  graphi- 
cally by  similar  curves.  The  undulatory  current 
passing  through  the  electro-magnet,  /,  influences  its 
armature,  h,  to  copy  the  motion  of  the  armature  c. 


BE28,    BELL,    GRAY,    AND   DOLBEAR  108 

A  Similar  sound  to  that  uttered  into  A  is  then  heard 
to  proceed  from  L." 

This  form  of  apparatus  does  not  appear  to  have 
been  able  to  transmit  intelligible  speech.  Bell,  him- 
self, said  respecting  it,  "The  results  were  unsatis- 
factory and  discouraging."  Consequently,  he  had 
a  modified  form  of  the  instrument  constructed,  which 
he  exhibited,  during  the  summer  of  1876,  at  the 
Centennial  Exhibition  of  Philadelphia. 

The  general  construction  and  appearance  of  this 
apparatus  is  shown  in  Fig.  39.     The  transmitter 
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I  FiGb   39. —  Bell's  Modified  Telephone,  as  exhibited  at  the  Centennial 

Exhibition  at  Philadelphia  during  the  summer  of  1876. 

is  represented  at  A.    On  speaking  into  the  tube  T, 
a  to-and-fro  movement  or  vibration  is  imparted  to 
the  membrane  stretched  tightly  over  the  other  end  of 
the  tube,  and  the  small,  light,  permanent  magnet  ns,  ^^hone 
cemented  to  the  membrane,  as  shown,  is  moved  to- S  the  "^ 
and- fro  before  the  poles  of  the  electro-magnet  M,  ExhSSSon 
placed  in  the  circuit  of  the  battery  E.    The  magnetic  "*  '* 
flux  of  the  permanent  magnet  ns  is  caused  in  this 
way  to  empty  and  fill  the  coils  of  wire  wound  on 
the  electro-magnet  M,  so  that,  by  magneto-electric 
induction,  electrical  currents  are  generated  in  these 
coils.     Consequently,   the  currents   so  set  up  are 
alternating  currents,  and  change  the  direction  of 
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their  flow  in  exact  accordance  with  the  to-and-fro 
movements  of  the  membrane.  Moreover,  the  inten- 
sity of  such  currents  corresponds  to  the  extent  of 
o^don  ^Yit  to-and-fro  movements  of  the  diaphragm.  The 
apparatus,  alternating  currents  so  produced  traverse  the  con- 
ducting circuit,  and  reaching  the  receiving  end  of 
the  line,  produce  in  the  electro-magnet  of  the  receiver 
R  variations  both  in  the  strength  and  direction  of 
the  polarity  of  its  electro-magnetism,  thus  setting  up 
a  motion  in  an  iron  plate  or  diaphragm  placed  near 
the  pole  of  the  electro-magnet.  In  this  way  there 
are  reproduced  words  that  were  sung  or  spoken  in 
the  mouthpiece  at  T. 

In  the  specification  of  Bell's  first  patent,  the  fol- 
lowing statement  is  made : 

"Electrical  undulations,  induced  by  the  vibration 
of  a  body  capable  of  inductive  action,  can  be  repre- 
,         sented  graphically,  without  error,  by  the  same  sinu- 
expianauon  soidal  curvc  which  expresses  the  vibration  of  the 
tionofhit  inducing  body  itself,  and  the  effect  of  its  vibration 
upon  the  air ;  for,  as  above  stated,  the  rate  of  oscil- 
lation in  the  electrical  current  corresponds  to  the 
rate  of  vibration  of  the  inducing  body ;  that  is,  to  the 
pitch  of  the  sound  produced.    The  intensity  of  the 
current  varies  with  the  amplitude  of  the  vibration; 
that  is,  with  the  loudness  of  the  sound ;  and  the  po- 
larity of  the  current  corresponds  to  the  direction  of 
the  vibrating  body ;  that  is,  to  the  condensations  and 
rarefactions  of  air  produced  by  the  vibration." 

This  explanation  is  practically  the  same  as  that 
S^i^of  given  by  Reis  in  i860.  Moreover,  the  curves  em- 
RefaM^'  ployed  by  Bell  to  illustrate  these  principles  are  al- 
most identical  with  those  employed  at  an  earlier 
date  by  Reis,  for  a  similar  purpose. 

It  is  an  interesting  fact  that,  on  the  14th  of  Feb- 


Bclt 


BSIS,    BBLL,    GRAY,    AND   DOLBEAR  106 

ruary,  1876,  exactly  the  same  day  on  which  Bell 
filed  his  application,  Elisha  Gray,  of  Chicago,  filed 
a  caveat  in  the  United  States  Patent  Office,  for  "A 
new  art  of  transmitting  vocal  sounds  telegraphi 
cally."    Like  Bell,  Gray  modified  his  form  of  appa- 
ratus, and  greatly  improved  it  for  the  transmission 
of  speech.     This  modified  form  is  shown  in  Fig.  ^^^ffe 
40.^    Here  the  transmitting  instrument  consists  of  on'Se^lSiLie 
a  mouthpiece,  Ti,  into  which  a  person  speaks,  and  a  Befi  eiS  his 
receiver,  T,  at  which  one  listens.    The  transmitter  is  fSfai^JiS. 
provided  with  a  diaphragm,  D^,  that  is,  a  circular 
plate,  formed  of  some  elastic  metal,  which  is  se- 
curely fixed  at  its  edges  to  the  larger  opening  of  the 
mouthpiece,  so  that  it  is  capable  of  vibrating  in  ac- 


FiG.  40. — Gray's  Modified  form  of  Telephone.  Note  the  manner  in 
which  the  current  strength  is  varied  by  the  to-and-fro  movements  of 
the  diaphragm. 

cordance  with  the  complicated  vibrations  produced 
by  the  human  voice  in  speaking.  A  voltaic  battery, 
E,  grounded  at  G,  is  connected  with  the  line  through  JSSJS^ 
a  conducting  liquid,  J,  and  through  a  metallic  point  JJd^h^M. 
N,  connected  with  a  metallic  diaphragm,  Dj.  This 
liquid  substance  is  of  the  same  specific  resistance  as 
the  metal  point  which  dips  into  it,  and  is  incapable  of 
acting  chemically  on  such  point. 

When,  now,  a  speaker  talks  into  transmitter  Tj, 
against  the  diaphragm  D^,  the  diaphragm  vibrates 
to-and-fro,  and  the  resistance  of  the  circuit  will 
vary,  decreasing  as  the  diaphragm  moves  toward 
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Dolbcar. 


the  liquid^  and  increasing  as  it  moves  away  from  it. 
Consequently,  these  to-and-fro  movements  of  the 
diaphragm  D^  vary  the  current  strength  which 
passes  over  the  line,  and  these  variations  reproduce, 
in  the  diaphragm  of  the  receiving  instrument  T,  all 
the  movements  of  the  diaphragm  of  the  transmitting 
instrument,  so  that  one  listening  at  T  will  hear  all 
that  is  spoken  or  sung  at  T^. 

During  the  autumn  of  1876,  Prof.  A.  E.  Dolbear, 
of  Boston,  made  a  great  improvement  in  telephonic 
apparatus,  by  means  of  which  it  became  possible  to 
employ  the  same  instrument  for  either  transmitting 
or  receiving  speech.    Dolbear  did  away  entirely  with 


Fig.  41. — Dolbear's  Magneto- Electric  Telephone.  Note  the  manner 
in  which  the  transmitting  instrument  acts  as  a  yoice-driven  <l7iutniOk 
and  the  alternating  currents  generated  drive  the  receiving  instrument  as 
a  motor. 

the  voltaic  battery,  and  employed  permanent  mag- 
nets of  steel  at  both  the  transmitting  and  the  re- 
ceiving end  of  the  station.  The  appearance  of  this 
form  of  apparatus  is  shown  in  Fig.  41,  where  the 
permanent  steel  magnet  N  S  is  provided,  near  one 
of  its  poles,  with  a  coil  of  insulated  wire,  and  this 
pole  is  placed  near  a  diaphragm,  D,  made  of  thin, 
soft  sheet  iron.  A  similar  apparatus  is  placed  at  the 
other  end  of  the  line.  In  this,  and  in  some  of  the 
Doibeir»i  preceding,  apparatus,  the  ends  of  the  line  are  repre- 
SSSte**"  sented  as  being  grounded;  that  is,  connected  with 
telephone.  n^^talHc  plates  that  are  sunk  in  the  earth.  In  such 
case,  the  earth  forms  a  part  of  the  conducting  cir- 
cuit. On  account  of  the  extreme  delicacy  of  the 
telq>hone,  metallic  circuits  are  now  generally  em- 
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ployed  in  practice;  that  is,  circuits  in  which  a  con- 
ducting line  of  metal,  either  of  copper  or  iron,  is 
employed  for  both  the  transmissi<Hi  and  the  return 
conductors. 

The  magneto-electric  telephone  affords  an  excel- 
lent example  of  the  ease  with  which  mechanical 
energy  can  be  changed  or  converted  into  electric 
energy,  and  electric  energy  changed  or  converted 
into  mechanical  energy.     The  plates  of  soft  iron,  JStt£J°*" 
placed  near  the  permanent  magnet  poles,  are  ren-3JgJi^ 
dered  magnetic  by  induction.     These  plates,  taken  tolS^"*  * 
in  connection  wiA  the  coils  of  wire  surrounding  dJSSo. 
the  permanent  magnets,  constitute,  in  point  of  fact, 
a  dynamo-dectric  machine  that  is  driven  by  the 
energy  of  the  voice  of  the  speaker.     The  mechani- 
cal energy  of  the  sound  waves  that  strike  against 
the  diaphragm  causes  it  to  move  toward  and  from 
the  pole  of  the  permanent  magnet.     During  these 
movements,  the  coils  of  insulated  wire  on  the  per- 
manent magnet  are  filled  with  aiid  emptied  of  mag- 
netic flux,  so  that  E.M.F.'s  are  produced  by  induction 
in  such  coils  just  as  they  are  in  the  coils  of  wire  on 
the  armature  of  the  dynamo  during  its  movements 
before  the  poles  of  the  field  magnets.     But,  as  we 
have  already  seen,   any  dynamo  or  generatcM"  is 
capable  of  acting  as  a  motor  when  its  circuit  is 
traversed  by  electric  currents.     Consequently,  the 
similar  combination  of  parts  at  the  other  end  of  the  Sdvinp 
line  is  capable  of  acting  as  an  electric  motor,  so  that,  SSSfc**" 
when  the  alternating  electric  currents  transmitted  in*S«tric 
over  the  line  wire  are  passed  through  the  coils  of  °'**^" 
this  electric  motor,  the  diaphragm  of  soft  iron  will 
be  caused  to  move  toward  and  from  the  magnet 
poles,  so  as  tx>  exactly  reproduce  the  movements  of 
the  transmitting  diaphragm  that  produced  such  cur- 
rents. 

VoL  UI.-6 
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In  order  to  render  this  clear,  let  us  take  the  case 

of  the  magnetic  telephone  and  circuit,  shown  in  Fig. 

42,  where,  at  each  end  of  the  line,  a  steel  bar  is 

provided  with  a  magnetizing  coil,  wraiq>ed  around 

it  near  one  of  its  ends,  and  placed,  as  shown,  near  a 

diai^ragm  of  soft  sheet  iron.    Now  let  us  suppose 

§^^    that  a  circuit  is  formed  of  these  two  instruments,  as 

^^etl    shown,  and  consider  what  will  happen  when  a  single 

tei^^c.  movement  of  the  diaphragm  occurs  at  either  end. 

Let  us  say  the  diaphragm  a  is  moved  toward  the 

magnet  pole.    Under  these  circumstances,  the  coils 

of  wire  on  the  magnet  will  be  filled  with  magnetic 

flux  from  a,  and  currents  will  be  produced  which 

flow,  say  in  a  direction  in  which  they  leave  the  coil, 

and,  passing  through  the  ground,  enter   the  coil  of 


f      y 


Fig.  42, — Magneto-Electric  Telephone  and  Circuit  Note  that  here 
there  js  no  voltaic  battery,  the  magnetic  flux  being  produced  by  the 
magnetism  of  the  permanent  magnets  and  the  amount  of  flux  passing 
through  the  coils  being  varied  by  the  movements  of  the  soft  iron 
armatures   or   diaphragms. 


wire  at  b.  Let  us  suppose,  moreover,  that  this  cur- 
rent passing  through  the  coil  of  wire  b,  increases  its 
magnetism,  and,  therefore,  draws  or  attracts  the  dia- 
phragm at  6,  and  so  causes  it  to  move  toward  the 
pole.  If  now,  on  the  contrary,  the  diaphragm  at  a 
moves  from  its  magnet  pole,  a  current  will  be  pro- 
duced in  the  coils  at  a,  in  the  opposite  direction,  or 
will  now  leave  the  coil  and  flow  over  the  line,  and, 
passing  through  the  coil  of  wire  at  b,  will  weaken 
its  magnetism,  and  so  permit  the  elasticity  of  the 
diaphragm  at  b  to  move  it  away  from  the  magnet 
pole.  In  this  way,  any  movement  of  the  diaphragm 
at  a  will  be  capable  of  producing  currents  that  will 
cause  exactly  similar  movements  to  take  place  in  the 
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diapliragni  at  h.    G:)nseqtiently9  any  one  listening  at 
b  will  be  able  to  hear  whatever  is  spoken  at  a.    In  wflSYhi" 
actual  practice,  it  has  been  found  more  convenient  [^™git 
to  place  both  transmitting  and  receiving  instru- ^^^'"''^ 
ments  at  each  end  of  the  line,  to  employ  a  vol- 
taic battery  or  other  source  to  send  currents  through 
the  coils  of  the  electro-magnet  placed  on  the  i*- 
ceiving  instruments,  and  to  emjJoy  a  metallic  circuit 
instead  of  a  ground-return. 

Both  Bell  and  Gray  appear  to  have  been  led  to 
their  inventions  in  the  telephone  by  reason  of  their 
prior  woric  in  the  field  of  multiple  tel^japhy.  Both 
of  these  inventors  had  devised  practical  means  for 
rendering  it  possible  simultaneously  to  transmit  sev- 
eral messages  over  a  telegraph  wire  by  employing 
currents  corresponding  to  different  sounds  or  tones 
on  the  line,  and  so  arranging  the  receiving  instru- 
ments that  each  instrument  would  be  able  to  respond 
to  only  a  single  one  of  these  tones. 

At  about  this  time  Edison  also  was  experiment- 
ing with  a  system  of  multiple  telegraphy,  and  among 
his  many  experiments  in  this  direction  he  employed 
a  Reis  transmitter,  in  which  a  drop  of  water  was  in-  how 
serted  between   the  platinum  point  and  the  dia-  b«gan"his 
phragm.     He  employed,   in  connection  wiA  thisSlSS^°* 
transmitter,  a  variety  of  electro-magnetic  receiver,*^****"** 
in  which  an  electrc^-magnet  was  provided  with  a 
circular  diaphragm  of  thin  sheet  iron.    At  first  Edi- 
son proposed  to  employ  various  conducting  liquids, 
into  which  a  conducting  metallic  point,  connected 
with  the  centre  of  the  diaphragm,  dipped,  just  as  in 
the  case  of  the  Gray  telephone.    He  afterward  aban- 
doned this  method,  and  replaced  the  liquid  by  va- 
rious conducting  powders,  such  as  metallic  powders, 
powdered  carbon,  graphite,  etc.    In  this,  as  we  shall 
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shortly  see,  he  made  a  great  improvement  in  the 
telephone. 


Several  inventors  have  followed  Edison  in  the 
^bone  employment  of  granular  carbon  for  telephone  trans- 
*'"*"^^*"- mitters.  Such  transmitters  are  called  dust  trans- 
mitters. Their  general  construction  will  be  better 
understood  from  an  examination  of  Fig.  43.  Here 
BBB  is  a  wooden  box,  provided  with  a  cover  CC,  in 
the  shape  of  the  mouthpiece  shown.  A  diaphragm 
P,  of  platinum  foil,  is  clamped  at  its  edges  in  the 
usual  manner.  A  circular  carbon  plate,  N,  is  placed 
at  such  a  distance  from  the  platinum  plate  P  as  to 
leave  a  small  circular  recess  that  is  filled  with  the 


Fio.  43.— Dost  Trtntmitter  for  Telephone.  Note  the  poeitioii  of  the 
dust  between  N  and  P,  to  which  the  terminali  T  and  f  are  rcspec 
tiYely  connected. 

granular  carbon.  The  battery  terminals  T,  Ti,  are 
connected  respectively  to  the  carbon  and  the  plati- 
num plates.  When  the  sound  waves  strike  against 
the  diaphragm  and  cause  it  to  move  to-and-f  ro,  the 
resistance  of  the  granular  carbon  will  be  varied,  and 
will  produce  corresponding  variations  in  the  amotmt 
of  current  that  passes  through  the  line.  Conse- 
Action  quently,  there  will  be  reproduced,  at  the  receiving 
tna^tter.  diaphragm,  movements  corresponding  to  those  of 
the  transmitting  diaphragm.  Besides  the  granular 
carbon  transmitter,  Edison  also  constructed  carbon 
transmitters  made  of  solid  buttons  of  carbon,  placed 
between  a  movable  and  a  fixed  diaphragm. 
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Dolbcar,  to  whom  reference  has  been  made  in  con- 
nection with  the  electro-magnetic  telephone,  devised 
a  form  of  receiver  in  which  the  movements  of  the 
receiving  diaphragm  were  produced  by  electro-static 
attractions  and  repulsions.  This  ingenious  piece 
of  apparatus  depends  on  the  well-known  fact  that 
similar  charges  repd  each  other  and  dissimilar 
charges  attract  each  other.  As  is  well  known,  in  the 
case  of  the  induction  coil,  when  a  battery  current  is 
sent  through  the  primary,  there  is  produced  in  theSSlS^'" 
secondary  coil,  at  the  moment  of  dosii^  the  pri- Si^^hone 
mary  circuit,  a  current  that  flows  in  the  opposite  ''*'• 
direction  to  that  in  the  primary,  and  that  a  current 
is  similarly  produced  in  the  secondary,  which  flows 
in  the  same  direction  as  that  in  the  primary  at  the 
moment  of  breaking  the  primary  circuit.  When 
the  terminals  of  the  secondary  are  not  connected,  in- 
stead of  the  current  passing,  there  will  simply  be 
E.M.F.'s  produced,  that  will  cause  the  potential  of 
one  of  the  terminals  to  be  higher  than  that  of  the 
other.  In  other  words,  an  induction  coil  can  be 
employed  to  produce  electric  charges. 

Dolbear  employed  the  above-mentioned  principle 
for  the  production  of  an  electro-static  telephone  in 
the  following  manner :    Two  metallic  disks,  C  and 
D,  Fig.  44,  covered  with  a  film  of  Yamish,  and  in-  construe- 
sulated  from  each  other  by  hard  rubber  or  other  suit-  «mSliof 
able  material,  have  an  air  space  left  between  them,  eiectro-"^ ' 
One  plate  only  is  left  free  to  move  under  the  influ-  SciSionc 
ence  of  the  electric  charges  on  the  two  plates.     A 
suitable  mouthpiece,  C,  is  provided,  as  shown  in  the 
figure.     These  disks  act  like  a  Leyden  jar,  the  air 
space  between  them  being  the  dielectric,  and,  like 
any  other  Leyden  jar,  may  receive  a  permanent 
charge,  and  act  like  an  exceedingly  sensitive  electro- 
scope.   In  practice,  die  two  plates  are  connected  with 
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the  two  tenninals  of  an  inducti(Hi  coil.  The  drcuit 
of  the  primary  is  connected  with  a  telephone  trans- 
mitter of  any  suitable  type.  When  a  speaker  talks 
against  such  transmitter,  he  interrupts  or  varies  the 
current  throt^  the  primary,  and  thus  causes  an 
action  to  occur  in  the  secondary,  which  results  in 
variaticHis  of  the  charges  on  the  plates  of  the  re- 
ceiver, so  that  whatever  is  spoken  into  the  trans- 
mitter can  be  heard  in  the  receiver. 


A  form  of  apparatus  produced  during  the  early 
days  of  the  telephone  by  Professor  Hu^es,  of  Eng- 
land, for  the  purpose  of  rendering  faint,  indistinct 
sounds  distinctly  audible,  depended  for  its  operation 
on  the  changes  that  result  in  the  resistance  of  loose 
contacts.  This  apparatus  was  called  the  micro- 
phone, and  was,  in  reality,  but  one  of  the  many 
forms  that  it  is  possible  to  give  to  the  telephone 
transmitter.  For  example,  the  Edison  granular 
transmitter  was  a  variety  of  microphone,  as  was 
also  Edison's  transmitter,  in  which  the  solid  button 
of  carbon  was  employed.  Indeed,  even  the  plati- 
num point,  which,  in  the  early  form  of  the  Reis 
transmitter,  pressed  against  the  platinum  contact 
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cemtnted  to  the  centre  of  the  diaf^ragm,  was  a 
micrt^hone.  In  all  cases  of  loose  contacts,  the  faint- 
est sound  or  whisper  causes  the  sound  waves  that 
impinge  against  the  loose  contacts  to  alter  the  resis- 
tance of  any  circuit  in  which  they  are  placed,  suffi- 
ciently to  permit  sounds  to  be  heard  in  a  telephone 
receiver  connected  with  such  circuit. 

The  loose  contact  of  the  microphone  may  take  a 
variety  of  forms.  The  f<mn  first  given  to  it  is 
shown  in  Fig.  45,  where  a  rod  of  carbon,  E,  pointed 


at  both  ends,  is  inserted  in  small  holes  near  the  ends 
of  two  crosspieces  of  carbon,  B  and  C,  supported  rai 
a  wooden  board.  A,  which  acts  as  a  sounding-board.  ^^Sii 
Qmducting  wires,  a  and  b,  were  connected  respec- 
tively to  the  crosspieces  C  and  B.  Under  these  cir- 
cumstances, talking  or  singing  in  the  neighborhood 
of  the  sounding-board  could  be  heard  in  a  tele- 
phone receiver,  placed  in  circuit  with  the  microphone 
and  the  voltaic  battery. 

Another  form  of  microphone  is  shown  in  Fig. 
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46,  where  loose  and  imperfect  contacts  are  ob- 
tained by  a  mnnber  of  noils,  e,  (f,  c,  placed  in  thie 
position  shown.  Here  two  of  the  nails  arc  connected 
with  the  terminals  of  tlie  battery  P,  and  with  the  cir- 
cait  of  the  telephone  T.  If  these  nails  are  bridged 
over  \yj  a  third  nail,  placed  across  them  as  shown  at 
c',  speaking  or  singing  in  the  neighborhood  of  the 
nails  will  vary  their  resistance.  Any  one,  therefore, 
listening  at  l^e  telej^KXie  oonnected  with  the  drcttit, 
win  be  able  to  hear  what  is  spoken  or  song  in  the 
neighborhood  of  the  nailsL 


Fia.  46. —  Simple  Bficro|)JioiK  Circuit. 

It  was  properly  regarded,  at  the  time  of  the  pro- 
duction of  the  microphone,  as  a  very  remarkable 
To  hear  a   circumstance  that  the  instrument  was  so  delicate 

fly  walk. 

that  the  mere  walking  of  a  fly  over  the  sounding- 
board  of  the  instrument  could  be  distinctly  heard 
at  a  distance  of  many  rmles.  Indeed,  by  employing 
a  powerful  battery,  the  loudness  of  the  fl/s  foot- 
steps was  so  increased  that  some  observers  have  de- 
clared that  the  sounds  approached  in  toudness  those 
of  the  tramping  of  a  horse. 

In  addition  to  the  early  work  of  Reis,  Bell,  Dol- 

wS?of°*  b^r»  2i"d  Edison,  there  should  some  reference  be 

fei^hl*"  made  to  that  of  James  W.  McDonough,  who  filed 

aa  apfrfication  in  the  United  States  Patent  Office, 
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on  the  loth  of  April,  1876,  for  what  he  called  the 
"Teleloge,"  or  means  for  transmitting  articulate 
sounds  from  one  place  to  another  through  the  me- 
dium of  electrici^.  McDonough  was  one  of  the 
many  parties  who  were  included  in  the  famous  in- 
terference suits  with  Bell  in  the  United  States  Pat- 
ent Office,  for  priority  of  invention  of  the  speaking 
telephone.  The  suits  were  long  and  bitterly  fought, 
and  included,  besides  Edison,  Dolbear,  Gray,  and 
McDonough,  Berliner,  Blake,  and  others.  The  final 
result  of  the  interference  was  the  award  to  Bell  of 
a  general  patent. 

There  was  still  another  claimant  for  the  honors 
and  profits  of  the  invention  of  the  telephone;  viz., 
Daniel  Drawbaugh,  who  claims  to  carry  the  dateBSJ?-' 
of  his  invention  far  back  of  the  others,  but  we  have  *'*"'**' 
already  given  to  this  part  of  the  history  of  the  art 
as  much  space  as  can  be  spared,  and  we  shall,  there- 
fore, content  ourselves  to  the  mere  reference  as 
above. 
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CHAPTER  VII 


SOME    ACCESSORIES    OF    THE    TELEPHONE 

'The  difference  between  Edison's  caxbon  transmitter,  and 
the  microphone  in  its  simple  form  as  constructed  by  Hughes, 
is  very  slight;  but  the  Edison  form  has  disappeared,  and  m 
the  same  way  as  all  magnetic  teiephones  are  more  or  less 
imitations  or  modifications  of  the  original  Bell  i&struaieiit,  so 
all  carbon  transmitters  are  now  modifications  of  Hughes'  in- 
genious apparatus.  The  number  of  these  imitations  is  legion; 
but  most  of  them  are  modifications  without  much  practical 
value." — The  TeUpbane:  Pbeece  and  Maibr 


Wh3r  car- 
bonis  so 
valuable 
for  micro* 
phonic 
contacts. 


THE  telephone,  as  it  is  in  use  to-day,  in  this 
and  other  parts  of  the  world,  almost  inva- 
riably employs  the  microphone  carbon  trans- 
mitter in  the  form  of  a  granular  carbon  or  a  dust 
transmitter.  Carbon,  first  employed  in  telephony 
by  Edison,  possesses  great  advantages  over  any 
other  substance  for  microphone  transmitters,  mainly 
for  two  reasons.  In  the  first  place,  unlike  most 
other  substances  capable  of  being  employed  for  this 
purpose,  carbon  is  practically  unalterable  in  air  at 
ordinary  temperatures,  since  it  is  not  rusted  or 
oxidized  by  air,  as  are  most  of  the  ordinary  metals. 
In  the  second  place,  unlike  these  metals,  its  electric 
resistance  decreases  as  its  temperature  increases. 


There  is  even  yet  some  difference  of  opinion  as  to 

Action  of    J^^*  ^^^  ^^  account  for  the  decrease  in  the  resistance 
carbon  mi-  of  a  telephone  transmitting  circuit  containing  two 
contacts,     carbou  surfaces  in  microphonic  contact.    It  is,  how- 
ever, conceded  by  most  that  the  nature  of  this  action 
is  as   follows:  whenever,  under  the  influence  of 
sound  waves,  an  increase  of  pressure  is  brought  to 
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bear  against  the  carbon  contacts,  the  first  eflFect  is 
to  increase  the  extent  of  surfaces  in  contact,  and 
thus  decrease  the  resistance.  The  increase  of  current 
that  will  then  pass  through  such  circuit  will  cause  an 
increase  in  temperature  at  the  contact  surfaces,  and 
such  increase  in  temperature  will  still  further  de- 
crease the  resistance  of  the  circuit,  and  thus  still 
furthec  increase  the  strength  of  the  current  passing 
through  it  It  is  for  these  reasons  that  carbcm,  in 
some  form  or  other,  is  now  employed  in  practically 
all  the  great  commercial  installations  of  the  tele- 
phOTie. 


Fio.  4^— Blake  Tdephonc  Truumitter. 


A  form  of  carbon  transmitter,  that  was  very  gen- 
erally employed  in  the  United  States  until  quite 
recently,  is  known  as  the  Blake  transmitter,  an  in-  uSS^T^ 
vention  of  Francis  Blake,  of  Boston.  This  transmit-  Sj£?,^" 
ter  is  seen  in  Fig.  47,  in  front  and  in  sectional 
views.  A  metallic  ring,  B,  serves  as  a  frame  for 
holding  the  mechanism  of  the  instrument.  The 
diaphragm  C,  against  which  the  sound  waves  pro- 
duced by  the  speaker's  voice  strike  is  formed  of  a 
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feirly  heavy  piece  of  sheet  iron,  and  is  firmly  sup- 
ported in  a  frame  against  a  rubber  ring,  r.  Two 
damping  firings,  D,  D,  bear  against  the  surface  of 
the  diaphragm  in  the  positions  shown.  These  springs 
rest  on  small  pieces  of  rubber,  a,  a.  It  has  been 
found  advisable  to  employ  damping  springs  in  trans- 
mitting diaphragms,  in  order  to  prevent  too  great 
movements  of  the  diaphragm,  as  well  as  to  keep 
portions  of  the  plate  from  vibrating,  it  being  neces- 
sary in  order  to  ensure  the  best  operation  of  the 
instrument  that  the  plate  vibrate  as  a  whole.  An 
adjusting  lever,  F,  attached  to  a  spring,  /,  is  pro- 
vided at  its  lower  end  with  an  adjusting  screw,  G. 
A  small  bar  of  platinum,  e,  has  one  of  its  ends  rest- 
ing against  the  centre  of  the  diaphragm,  while  its 
other  end  terminates  in  a  blunt  point  that  is  in  con- 
tact with  the  back  electrode  e,  consisting  of  a  block 
of  carbon.  The  front  electrode  e  is  independently 
supported  on  a  light  spring,  c,  mounted  on  the  lever 
F,  but  insulated  from  it.  The  back  electrode  e  is 
set  in  a  brass  block,  G,  of  considerable  weight, 
mounted  on  the  spring  d.  The  springs  d  and  c  tend 
to  oppose  each  other.  In  this  transmitter,  there- 
fore, both  electrodes  are  supported  in  such  a  man- 
ner as  to  move  freely  with  the  diaphragm.  The 
outer  electrode,  however,  on  account  of  its  weight, 
Juration'  coffers,  by  reason  of  its  inertia,  suflficient  resistance  to 
tKmimiucr.  ^^^^  Small  and  rapid  movements  of  the  diaphragm 
to  produce  variations  in  the  pressure  between  the 
electrodes,  and  so  produce  changes  in  the  resistance 
of  the  circuit.  I  is  an  induction  coil,  whose  circuits 
arc  connected  with  the  two  electrodes.  The  Blake 
transmitter  is  a  very  sensitive  instrument.  It  was 
subject,  however,  to  some  difficulties  in  actual  prac- 
tice, and  has  lately  been  almost  entirely  replaced, 
especially  for  long-distance  transmission,  by  a  form 
of  transmitter  called  the  solid  back  transmitter. 
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The  solid  back  transmitter  is  another  form  o*  the 
granular  carbon  transmitter.  Its  general  appearance 
is  diown  m  Fig.  48,  a  section  of  the  instnunent 
being  seen  in  the  upper  part  of  the  figure,  and  the  ^£j? 
separate  parts  of  the  resistance  button  being  shown"  ' 
at  the  bottom.  The  diaphragm  D,  receiving  the 
sound  waves,  is  made  of  a  sheet  of  ahnriintum,  is 
held  securely  in  place  between  two  rubber  rings,  and 
is  provided  with  two  damping  brings  f,  f,  as  in  the 
Blake  transmitter.  Two  blodcs  of  carbon,  B  and 
E,  serve  respectively  as  the  front  and  back  dectrodes. 


FiA   48.— Details  of  Solid-back  Telcpbone  TruuniitteT. 

B  is  immovable,  being  supported  in  a  heavy  metallic 
block,  W,  v^hile  £  is  carri«l  on  the  face  of  a  metallic 
piece,  b,  furnished  with  a  screw-threaded  portion,  p', 
which  serves  to  connect  it  rigidly  with  the  centre 
of  the  diaphragm  D,  and  is,  therefore,  movable.    A 
mica   wa^er,  m,   sufficiently  large  to  completely  ceneni 
cover  the  cavity  in  the  block  W,  when  the  elec-Sm!^ 
trodes  are  in  place,  is  supported  on  the  enlarged  SShSlSk"' 
screw-threaded  portion  p  of  the  metallic  piece  b.  The"* 
carbon  eJectrodes  are  of  slightly  smaller  diameter 
than  the  interior  of  W,  which  is  lined  with  paper. 
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There  is,  therefore,  a  fairly  considerable  space 
around  the  electrodes,  and  this,  as  well  as  the  space 
between  the  carbon  electrodes,  is  filled  with  g^nular 
carbon.  Any  vibration  of  the  diaphragm  D,  under 
the  influence  of  the  sound  waves,  is  transmitted  di- 
rectly to  the  front  dectrode  E,  which  is  able  to  vi- 
brate by  reason  of  tiie  elasticity  of  the  mica  washer 
m,  the  back  electrode  being  stationary.  A  better 
general  idea  of  the  solid-back  transmitter  may  be 
obtained  from  the  sectional  view  of  the  instrument 
shown  in  Fig.  49. 


Pn.  40^— Section*)  View  of  Solid-back  Tdephone  Tcuumitter. 

It  was  the  introduction  of  die  carbon  transmitter 
that  practically  caused  the  change  to  be  made  in  the 
practice  that  was  generally  followed  before  such  in- 
troducticMi ,  in  the  employment  of  the  same  character 
of  transmitting  and  receiving  instruments.  The 
magneto-electric  telephones  introduced  into  the  art 
by  Dolbear,  and  afterward  employed  by  Bell,  as 
shown  in  Fig.  42,  were  of  this  type,  so  that  the 
same  instrument  could  be  used  alternately  as  a 
transmitter  and  as  a  receiver.    Before  the  use  of  the 
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cartx>n  transmitter,  many  attempts  were  made  to 
increase  the  strength  of  the  tones  reproduced  in  the 
telephone  receiver,  and,  although  scwne  of  these  suc- 
ceeded in  obtaining  a  fairly  great  increase,  yet  such 
increase  was,  as  a  rule,  more  than  offset  by  a  decrease 
in  the  clearness  of  the  transmitted  speech. 

The  use  of  the  microphone  transmitter,  of  course, 
necessitated  the  use  of  a  transmitting  and  a  receiv- 
ing- instrument  at  each  end  of  the  line.    By  the  use 
of    improved    fonm   of   carbon   transmitters,   theS?„?SiS' 
Strength  and  clearness  of  the  transmitted  speech  JSSJfccom- 
were  considerably  improved.    But  there  was  another  °*'»'*^«^<»* 
instrument  added  about  this  time  which  greatly  in- 
creased the  distance  over  which  it  was  possible  to 
transmit  speech.    This  was  the  induction  coil,  a  piece 
of  apparatus  that  is  now  invariably  employed  in  con- 
nection with  telfephonic  transmission.     It  will  be 
necessary,  therefore,  to  inquire  into  the  action  of  this 
important  accessory  to  the  tdephone. 

Where  a  telephonic  circuit  employs  a  microphone 
transmitter,  the  operation  of  the  receiving  instru- 
ment is  dependent  entirely  on  the  variations  in  the 
current  strength  sent  over  the  line,  by  reason  of  why  the 
variations  in  the  resistance  of  the  microphone  con- Sauf^^" 
tacts,  and  is  independent  of  the  strength  of  the  cur-  Jjju?in 
rent  that  is  constantly  passing.     Even  in  the  most  **^*'^***'**"^* 
delicate  forms  of  microphonic  transmitters,  as,  for 
example,  in  the  solid-back  transmitter  just  described, 
the  total  variation  that  it  is  possible  to  obtain  in  the 
resistance  of  the  contacts  under  the  influence  of  the 
sound  waves  is  at  the  best  but  small.    For  success- 
ful operation,  it  is  necessary  that  this  small  resistance 
shall  constitute  an  appreciable  part  of  the  total  re- 
sistance of  the  circuit,  and  this  is  done  by  the  use 
of  the  induction  coil  in  the  following  manner : 
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The  total  resistance  of  a  telephone  circuit  em- 
ployed  for  fairly  long-distance  transmission  may 
amount  to  say  i,ooo  ohms.    The  greatest  variation 
in  the  resistance  of  the  circuit  of  a  modem  micro- 
phonic contact  would  not  amount  to  more  than  say 
I  ohm.    If,  therefore,  a  microphonic  transmitter  be 
placed  directly  in  a  circuit  whose  resistance  is  i,ooo 
ohms,  and  is  able,  at  the  best,  to  change  the  resist- 
ance of  such  circuit  to  the  extent  of  but  i  ohm,  this 
^luS?*  would  only  amount  to  a  change  in  the  total  resistance 
iS'thc***'  ^^  ^he  circuit  of  x.ihnj  of  its  value, and  the  decrease  in 
^uSnUto*  the  strength  of  the  current  flowing  through  the  line 
5r?u??f    would  only  be  t.j?vt  of  its  value.     If ,  however,  this 
SSfiS"     transmitter  be  placed  in  a  local  circuit  consisting  of 
the  primary  of  an  induction  coil  and  a  local  battery, 
whose  resistance  need  not  be  greater  than  say  5 
ohms,  then  a  change  in  the  resistance  of  the  con- 
tacts of  I  ohm  would  amount  to  a  change  as  great  as 
yi  of  the  total  resistance,  so  that  a  change  of  }i  or 
20  per  cent  of  the  current  passing  in  the  circuit 
might  be  obtained.     An  induction  coil  will,  there- 
fore, permit  the  sound  waves  to  produce  a  much 
greater  variation  in  the  current  strength  passing  in 
the  line  than  would  be  possible  were  the  microphonic 
contacts  placed  directly  in  the  line  circuit. 

The  local  circuit  of  low  resistance  obtained  by  the 
use  of  an  induction  coil  is  shown  in  Fig.  50.  Here 
JSfsulSS'  P>  ^^  primary  of  the  induction  coil,  together  with 
•ircuit.  B^  ^  small  battery,  are  placed  in  the  low-resistance 
closed  circuit  shown;  while  S,  the  secondary  of  the 
coil,  and  R,  the  telephone,  are  placed  in  the  circuit 
of  LL',  the  transmission  line. 

But  there  is  another  advantage  obtained  by  the  use 
of  the  induction  coil.  By  making  the  number  of  turns 
in  the  secondary  circuit  of  the  induction  coil  much 
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greater  than  m  the  primary  circuit,  there  will  be  ob* 
tained  an  increase  in  the  voltage  of  the  current  trans* 
mitted  over  the  line.    This  permits  a  higher  E.M.F.  id™Sgc 
to  be  employed  on  the  transmission  line,  so  that  the  ^^^ILe 
transmission  can  be  made  over  mtich  greater  dis-^[j[*^ 
tances,  with  the  use  of  mudi  higher  resistances  in 
the  line,  than  would  otherwise  be  possible.     Edison 
first  employed  tiie  induction  coil  in  telq>hony,  and 
made  this  great  improvement  in  the  art. 

Reference  has  abready  been  made  to  the  fact  that 
the  use  of  the  magneto-electric  telephone  consists 
practically  of  a  dynamo  or  generator  driven  by  the 
voice  of  the  speaker,  coupled  with  a  motor  operated 


r 


Fia  5o«— 'Low-rcsistaacc  Circuit  containing  Mtcrophone   Contact  and 

Primary  of  Induction  Coil. 

by  the  currents  so  produced.  In  the  art  of  telephony, 

as  improved  by  the  use  of  an  induction  coil,  we  have, 

in  addition  to  an  indirect  combination  of  a  gen- Stolid" 

erator  and  a  motor,  the  additional  feature  of  a  long-  JS^^f 

distance  transmission  system,  in  which  a  step-up  ■***"  *"** 

transformer  is  ingeniously  employed  to  raise  the 

pressure  transmitted  over  the  transmission  line. 

Since  the  carbon  transmitter  merely  varies  the 
strength  of  the  current  passing,  producing  what  has 
been  caHed  an  undulatory  current,  whose  direction 
is  alwajre  the  same,  its  strength  varying  with  the 
alternate  to-and-fro  motions  of  the  diaj^ragm,  it 
foHows  that  undulatory  currents,  and  not  akemat- 
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ing  CDrrents,  pass  through  the  primaiy  of  the  induc- 
tion coil.  The  currents  produced  in  the  secondary, 
however,  are  alternating  currents.  Care  is  there- 
fore necessary  in  the  construction  of  the  inducticm 
,  coil  for  telephonic  purposes,  to  properly  proportion 
the  lengths  of  the  primary  and  secondary  coils  in  or- 
der to  obtain  the  best  results.  A  form  of  induction 
coil  employed  by  the  Western  Telephone  Construc- 
tion Company  is  shown  in  Fig.  51,  The  core  is 
formed  of  a  iMindle  of  500  wires  of  soft  iron,  placed 
inside  a  fibre  tube,  provided  with  ends  at  E.     In 
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other  words,  the  core  of  the  induction  coil  is  lami- 
nated. This  is  necessary  in  order  to  prevent  the 
setting  up  of  eddy  currents,  which  would  interfere 
with  the  proper  operation  of  the  coil.  A  primary, 
consisting  of  about  200  turns  of  silk-covered  wire 
of  fairly  large  diameter  (No.  20,  B.  &  S.  wire 
gauge) ,  is  woimd  on  the  outside  of  the  fibre  tube. 
Several  layers  of  oiled  paper  are  then  wraK)ed  over 
the  primary,  when  some  1,400  double  turns  of  a 
thinner  wire  are  wrapped  side  by  side  over  the  pri- 
mary. These  wires,  when  connected  in  parallel, 
have  a  resistance  about  equal  to  what  would  be  pro- 
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duced  by  a  single  length  of  No.  31,  of  the  B.  &  S. 
gauge.  The  resistance  of  the  primary  coils  is  .38 
ohms,  and  that  of  the  secondary  coil  is  about  75 
ohms. 

The  induction  coil  is  sometimes  placed  in  the  same 
box  as  the  transmitter,  as  is  the  case  with  the  Blake 
transmitter,  shown  in  connection  with  Fig.  47«  • 
The  resistance  coil  is  also  sometimes  placed  in  the 
desk  set  of  transmitter  and  receiver. 

The  voltaic  batteries  employed  in  connection  with 
induction  coils  are  of  various  types.  Some  form 
of  the  Leclanche  type  is  generally  Employed.  Such 
batteries  possess  the  advantages  of.  being  cheap,  of 
being  readily  kq)t  in  order,  only  requiring  the  addi- 
tion of  a  little  water  to  replace  that  lost  by  evapora- 
tion, and,  moreover,  of  having  a  comparatively  low  iSSJe^ 
resistance,  a  matter  of  extreme  importance  in  tele- '*^^'**^ 
phonic  practice.  Storage  batteries  are  also  employed 
extensively  for  telephone  work,  their  high  E.M.F. 
{2,2  volts)  and  low  electric  resistance  eminently 
fitting  them  for  this  work.  They  are  employed 
where  a  large  current  strength  is  required  for  oper- 
ating a  great  number  of  transmitters,  as,  for  exam- 
ple, in  large  central  stations. 

In  any  system  of  telephonic  communication,  some 
means  must  be  employed  for  the  purpose  of  calling 
the  party  at  the  other  end  of  the  line  to  the  'phone. 
In  the  early  days  of  the  art,  a  common  vibrating 
bell,  operated  by  direct  current  from  a  small  voltaic 
battery,  was  employed.  As  the  distance  of  trans- 
mission increased,  however,  it  was  found  that  such 
batteries  were  unsuited  to  operate  distant  call  bells. 
This  has  led  to  the  almost  universal  employment  of 
a  hand-operated  magneto-generator ;  although  some- 
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Magneto- 
generator. 


times  steam*driven  generators  are  used.  Such  a 
generator,  connected  to  the  circuit  of  a  call-4)ell,  is 
shown  in  Fig.  52.  The  generator  employs  a  shut- 
tle-wound armature,  of  the  Siemens  type,  rotated 
in  a  bipolar  field,  formed  by  connecting  the  cast- 
iron  pole  pieces  P,  P,  to  the  poles  of  permanent  mag- 
net N  S.  No  commutator  is  employed,  alternating 
currents  being  applied  directly  for  the  operation  of 
the  call-bell. 
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Fig.  $2, — Circuit  of  Magneto-generator  and  Rtnger.  Note  the  posi- 
tion of  the  shuttle-wound  armature  between  the  pole  pieces  P,  P,  of 
tile  permanent  borseahoe  magnet  N    S. 


Polarized 
bell  or 
rioger. 


The  call  apparatus  is  shown  at  the  right-hand  side 
of  the  figure,  and  is  of  the  type  generally  known  as 
a  polarized  bell  or  ringer.  It  is  provided  with  mag- 
netizing coils,  C,  C,  connected  directly  with  the  cir- 
cuit of  the  armature  A.  The  soft  iron  armature  A', 
of  the  call-bell,  is  provided  with  a  striking  lever  or 
hammer,  H.  This  armature  is  pivoted  in  front  of 
the  magnet  poles  of  C,  C,  and  both  the  armature 
and  the  cores  of  the  electro-magnet  are  permanently 
magnetized  or  polarized  by  means  of  the  permanent 
magnet  ns.  This  magnet  produces  south  magnetism 
in  the  armature  A',  and  north  magnetism  in  the  pole 
pieces,  the  two  coils  C,  C,  being  oppositely  wound. 
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so  that  the  passage  of  alternating  currents  through 
them  tends  to  strengthen  the  magnetism  of  one  pole, 
and  to  weaken  the  magnetism  of  ti\e  other  pole  The 
passage  of  alternating  currents,  therefore,  throi^h 
the  coils  C,  C,  causes  the  polarity  to  rapidly  vary, 
and  the  hammer  H  to  be  rapidly  moved  between  the 
poles,  thus  sounding  the  bells  B,  B. 

The  high  resistance  of  the  many  turns  of  wire 
wound  cm  the  armature  of  the  magneto-generator,  5,^1^ 
which,  in  some  cases,  is  as  high  as  650  ohms,  makes  ^^StS^. 
it  desirable  in  practice  to  employ  some  device  for 
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Fin.   53. — Anlomatlc  Anutnre  Shnot  for  Maincto-geDcratar. 


cutting  the  armature  out  of  the  circuit  when  the 
generator  is  not  in  use.  There  are  many  devices 
that  have  been  employed  for  this  purpose.  At  first 
it  was  done  by  some  hand  operation,  but  it  is  now 
generally  effected  by  means  of  an  automatic  device 
generally  called  an  automatic  shunt.  A  form  of 
shunt  in  very  general  use  is  shown  in  Fig,  53.  Here 
a  gear  wheel,  G,  mounted  on  the  crank  shaft  S,  is  so 
arranged  that  it  can  move  freely  through  a  small 
fractional  part  of  one  rotation.  When  the  genera- 
tor is  at  rest,  the  line  current  entering  at  a  passes 
through  a  circuit  of  practically  no  resistance,  con- 
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sisting  of  the  crank  shaft  and  the  spring  O,  to  the 
other  line  tenninal  a.  When,  however,  the  crank 
is  turned,  a  pin,  p,  rises  out  of  a  notdi  in  the  hub 
of  the  g'ear  wheel,  and  so  draws  the  shaft  out  of 
contact  with  the  spring  O,  thus  htes^ing  the  shunt 
path  of  low  resistance  around  the  armature,  and 
placing  the  latter  in  the  circuit. 


Fio.  14.— Hasncto«ciicntoi  for  Tdcpkoae  CilL 

A  magneto-generator  is  shown  in  Fig.  54.  Here 
-the  bipolar  field  is  obtained  by  the  use  of  three  per- 
manent horseshoe  magnets.  The  magnets  of  the 
call-bell  are  placed  'near  the  top  of  the  box,  the 
striking  lever  passing  through  an  opening  in  the 


box  as  shown.  The  appearance  of  a  magneto-bell 
ringer  is  shown  in  Fig,  55,  the  permanent  magnet 
employed  for  polarizing  both  the  cores  of  the  electro- 
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magnets  and  its  armature  being  shown  in  front  of 
the  two  magnet  cores. 

Where  the  telephone  is  placed  in  such  position  in 
a  house  that  the  people  may,  at  times,  be  too  far 
from  the  catl-belt  to  be  able  to  hear  it,  an  additional 


call-bell,  called  an  extension  bell,  is  employed.  Such 
a  bell  is  simply  an  additional  bell  placed  in  the  call 
circuit,  and  is  of  the  same  general  type  and  con- 
struction as  the  call-bell  already  described.  An  ex- 
tension bell  is  represented  in  Fig.  56.  An  exami- 
nation of  this  figure  will  show  that  it  is  simitar  in 
its  construction  to  those  of  the  preceding  figures. 


Fia.  S7. — Single-polc  TelcphoiK  Receiver. 

Various  forms  are  given  to  telephone  receivers. 
Perhaps  the  greater  number  of  receiving  instru- 
ments employed  in  the  United  States  consist  of  a 
compound  permanent  bar  magnet,  placed  inside  a 
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shell  or  casing  of  hard  rubber.  The  external  ap- 
pearance of  the  receiver  is  shown  in  Fig.  57,  and 
the  general  construction  of  the  bar  magnet  in  Fig. 
58.  The  bar  magnet  is  provided  at  one  of  its 
ends  with  a  pole  piece  of  soft  iron,  on  which  a  coil 
of  insulated  wire  is  wound.      This  coil  generally 

prm^e'S?  cousists  of  two  parallel  wires   (No.  38,  B.  &  S. 

^^°**^^' gauge),  having  a  total  resistance  of  75  ohms.  The 
end  of  the  soft  iron  pole  piece  is  placed  near  a 
diaphragm,  consisting  of  sheet  iron  about  rH  of 
an  inch  thick. 


Fig.   58.— Compound-bar   Magnet   for   Single-pole  Telephone   Receiver. 


Sometimes  a  difficulty  arises  in  practice  in  main- 
taining constant  the  distance  between  the  free  end 
of  the  soft  iron  pole  piece  and  the  sheet-iron  dia- 
phragm. This  arises  from  the  unequal  expansion 
between  the  metal  and  the  hard  rubber.  Various 
expedients  have  been  adopted,  which  have  reme- 
died this  difficulty. 
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CHAPTER   VIII 


TELEPHONE    CIRCUITS 


"Speech  was  made  to  open  man  to  man." 

— State  Worthies:  Lloyd 

SINCE,  in  all  forms  of  telephonic  communica- 
tion, where  microphonic  transmitters  are 
employed,  both  transmitting  and  receiving 
instruments  are  necessarily  placed  at  each  end  of  the 
line,  some  means  must  be  adopted  for  switching  one 
or  the  other  of  these  instruments  out  of  the  circuit 
when  not  required  for  use.  It  is  necessary  so  to^orsomc^ 
arrange  matters  that,  when  the  instruments  at  either  cauSii 
end  of  a  line  are  not  in  use,  they  must  be  in  a  con- 
dition in  which  they  can  receive  a  call.  In  other 
words,  the  call-bell  must  be  in  the  circuit  as  long  as 
the  instruments  are  not  in  use.  Moreover,  since  the 
high  resistance  of  the  magneto  generator  would  in- 
jure the  sensitiveness  of  the  apparatus,  so  as  to  ren- 
der long-distance  transmission  impossible,  some 
method  must  be  adopted  that  will  automatically  re- 
move such  resistance  from  the  circuit.  This  is  gen- 
erally done  by  means  of  an  apparatus  called  an 
automatic  telephone  switch. 

Many  forms  of  automatic  telephone  switches  have 
been  devised.  The  automatic  telephone  hook  switch, 
represented  in  Fig.  59,  is  in  very  general  use.  AsAo^ttk 
represented  in  the  upper  part  of  the  figure,  the  tele-  boS^ttch 
phone  has  been  placed  on  the  end  of  the  hook 
switch  H,  thus  bringing  the  switch  into  contact  with 
the  conducting  piece  3,  and  breaking  the  contact 
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with  the  conducting  pieces  i  and  2;  while,  at  the 
lower  part  of  the  figure,  the  telephone  has  been  re- 
moved from  the  hook,  and  a  spring,  not  represented 
in  the  figure,  has  pulled  the  hock  upward,  and 
brought  it  into  contact  with  the  pieces  i  and  2, 
breaking  contact  with  the  piece  3.  Let  us  inquire 
what  has  been  effected  by  these  different  movements. 
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Fia  59. — Automatic  Telephone  Switch.    Hook  down  and  hook  up. 


We  will  suppose  that  the  condition  of  affairs  at  the 
Gondii  station  is  that  indicated  at  the  top  of  the  figure, 
of  affairs  •  where  no  one  is  using:  the  line,  and  where,  conse- 

whcn  the  ^.  .  .       «        *         rr^ 

telephone  quently,  the  telephone  is  hanging  on  its  hook.  The 
hook.  hook  switch  H  has  been  brought  into  connection,  by 
the  weight  of  the  telephone,  with  the  contact  piece  3. 
In  this  position  everything  is  cut  out  of  the  line 
except  the  magneto-generator  G,  and  the  call-bell  C, 
the  conductors  at  i  and  2  having  lost  their  contacts 
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with  the  telephone  switch.  Indeed,  if  the  aatomatic 
shunt,  referred  to  in  the  preceding  chapter,  has  been 
employed,  as  it  is  in  practically  all  cases  in  telephone 
practice  to-day,  the  coils  of  the  generator  also  have 
been  automatically  cut  out  of  the  circuit.  Of  course, 
the  coil  of  the  call-bell  C  must  be  left  in  the  cir- 
cuit, so  as  to  leave  this  station  ready  at  any  moment 
for  an  incoming  call.  In  order  to  render  it  easier 
to  understand  this  figure,  the  open  circuits  are  rep- 
resented by  dotted  lines,  and  the  closed  circuit  by  a 
full  line. 

Let  us  suppose  that,  under  these  circumstances,  a 
call  comes  in  from  another  station  over  the  line  wire 
L.     It  will  pass  by  the  armature  of  the  generator, 
through  the  automatic  shunt  circuit,  and  the  corre-  S^luw" 
spondent  at  this  end  of  the  line  will  now  take  hisphonc?.**' 
telephone  from  the  hook  and  listen.    The  spring  now  SS^'L^ 
draws  the  lever  upward,  breaks  the  contact  with  3, 
and  makes  contact  with  i  and  2,  thus  bringing  about 
the  state  of  affairs  that  is  represented  in  the  lower 
part  of  the  figure,  the  dotted  lines  showing  tfiat  the 
call-bell  and  generator  have  been  cut  out  of  the  cir- 
cuit, while  the  circuit  of  the  battery  B,  the  trans- 
mitter T,  and  the  primary  wire  P,  are  closed  for 
working  by  the  closing  of  the  contacts  at  i  and  2. 

Various  forms  are  given  to  tdq)honic  apparatus. 
A  very  common  form  of  tran^nitting  and  receiving 
instrument,  comtaned  in  a  form  called  the  desk  set, 
is  shown  in  Fig.  60.  Here  the  transmitter  isS?eie^ 
mounted  on  a  swivel  arm  at  the  top  of  the  standard,  appmtos. 
so  as  to  permit  its  height  to  be  varied  within  certain 
small  limits.  In  this  case,  the  transmitter  is  a  mi- 
crophonic transmitter  of  the  solid-back  type.  The 
automatic  telephone  hook,  by  means  of  which  the 
different  drcrnts  are  cut  into  and  out  of  the  circuit 
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as  above  described,  is  placed  at  the  side  of  the  stand- 
ard with  the  telephone  hanging  in  position  on  the 
hook.  Where  sets  of  this  character  are  employed, 
the  call-bell  is  generally  situated  in  the  room  at  a 
convenient  place  on  the  wall,  or  at  the  side  of  the 
desk.  In  sets  of  this  type,  which  are  generally 
connected  with  central  stations,  a  generator  for  pro- 
ducing the  current  for  calling  is  located  at  the  cen- 
tral station. 


FiO.   60.— De«k    Telephone    Set,    Con«i«ting    of    Tnuumitring   and    Re- 
ceiving ln*[rumentL 

We  have,  though  only  for  the  sake  of  convenience, 
shown  in  many  of  the  figures  of  telephonic  apparatus 
circuits  where  a  ground-return  is  employed,  calling 
attention,  however,  at  the  same  time,  to  the  fact 
that  in  practice  the  employment  of  such  circuits  was 
undesirable.  We  will  now  point  out,  somewhat  in 
detail,  the  difficulties  that  arise  from  the  use  of 
ground-return  circuits.  Such  difficulties  consist  gen- 
erally in  various  noises  and  sounds  that  are  heard  in 
the  receiving  telephone.  The  telephone  is  such  an 
extremely  sensitive  instrument  that,  in  many  cases, 
causes  which  appear  to  be  insignificant  may  produce 
great  disturbances.  Miller,  in  his  admirable  work 
entitled  "American  Telephone  Practice,"  from  which 
some  of  the  preceding  cuts  have  been  produced, 
thus  very  clearly  describes  the  causes  of  tiiese  noises 
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in  the  case  of  a  telephone  circuit  with  a  ground- 
return  : 

"Lines  so  constructed  were,  however,  soon  found 
to  be  subject  to  serious  difficulties,  chief  among 
which  were  the  strange  and  unaccountable  noises 
heard  in  the  receiving  instruments.  There  are  many 
causes  for  such  noises,  some  of  which  are  not  en- 
tirely understood.  The  swinging  of  the  wire,  in 
such  a  manner  as  to  cut  through  the  lines  of  force 
of  the  earth's  magnetic  field,  or  the  sudden  shifting  SS^eS' 
of  the  field  itself,  causes  currents  to  flow  in  the  line  aurora  °' 
wire  whidi  may  produce  sounds  in  the  receiver.  On  fif^phJ^e" 
long  grounded  lines  the  variations  in  the  potential  of 
the  earth  at  the  ground  plates,  due  to  any  cause 
whatever,  will  cause  currents  to  flow  in  the  line. 
The  passing  of  clouds  or  bodies  of  air  charged  with 
electricity  will  induce  charges  in  the  line,  and  cause 
currents  to  flow  to  or  from  the  earth  through  the 
receiving  instruments.  Electric  storms  and  auroral 
displays  apparently  greatly  heighten  these  effects. 
These  noises  are  of  varying  character,  and  Mr.  J.  J. 
Carty  well  describes  them  in  saying : 

"^Sometimes  it  sounded  as  though  myriads  of 
birds  flew  twittering  by ;  again  sounds  like  the  rust-  L  ttnuge 
Mng  of  leaves  and  the  croaking  of  frogs  could  hw^in 
plainly  be  heard ;  at  other  times  the  noises  resembled  phone.^' 
the  hissing  of  steam  and  the  boiling  of  water.' 

"The  noises  due  to  these  natural  phenomena,  what- 
ever their  true  cause  may  be,  are  chiefly  annoying  on 
long  lines,  short  lines  being  disturbed  only  during 
heavy  electrical  storms.  This  is  not  the  case,  how- 
ever, with  the  noises  arising  from  the  proximity  of 
other  wires  carrying  varying  currents.  Tel^^aphic 
signals  can  be  plainly  heard  in  a  telephone  instru- 
ment on  a  line  running  parallel  with  a  neighboring 
telegraph  line  for  a  very  short  distance.    The  estab- 


136  ELECTRICITY   IN   EVERYDAY   LIFE 

lishment  of  an  electric  railway  or  electric  lighting 
plant  in  a  town  using  grounded  telephone  lines  will 
JohS»diSl*  always  cause  serious  noises  in  the  telephones,  and  if 
c51i'**^"  the  lighting  current  is  alternating  the  use  of  the 
telephones  is  usually  out  of  the  question  at  night 
time  while  the  plant  is  running. 

"Disturbances  on  telephone  lines  from  neighbor- 
ing wires  may  be  attributed  to  one  or  all  of  the  fol- 
lowing three  causes:  leakage,  electro-magnetic  in- 
duction, and  electro-static  induction. 

"Leakage  may  occur  through  defective  insulation 
between  the  two  circuits;  or  even  when  the  in- 
sulation of  the  wires  themselves  is  practically  per- 
fect a  heavy  return  current  from  a  grounded  circuit, 
such  as  of  an  electric  railway,  may,  upon  its  arrival 
at  the  grounded  end  of  the  telephone  line,  have  the 
choice  of  two  paths,  one  through  the  telephone  line, 
and  the  other  a  continuation  of  its  path  through  the 
ground.  This  is  the  greatest  source  of  trouble  due 
to  railway  work,  on  grounded  telephone  lines.  A 
strange  fact  in  connection  with  this  is  that  the  noises 
in  the  telephones  do  not  correspond  with  the  fluctua- 
Teiephonc  tious  duc  to  the  commutator  of  the  generator  arma- 
du«  ti**  ture,  as  would  be  supposed,  but  to  the  movements  of 
lakaffe.  the  armatures  on  the  car  motors.  The  tone  in  the 
receiver  is  an  indication  of  the  movements  of  the 
car,  and  variations  in  speed  may  be  clearly  noticed." 

Some  of  the  difficulties  above  referred  to  are  pres- 
ent even  in  the  case  of  metallic  circuits ;  for  example, 
the  disturbances  that  occur  from  neighboring  wires. 
It  will  be  interesting,  therefore,  to  inquire  more  par- 
ticularly into  their  causes  as  well  as  into  the  means 
by  wnich  they  may  be  avoided. 

Cro«».uik.       It  sometimes  happens  that,  during  conversation 
with  a  regular  correspondent,  a  faint  conversation, 
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evidently  between  people  that  are  not  directly  con- 
nected with  the  line,  can  be  heard,  sometimes  with 
sufficient  distinctness  to  be  understood,  and  at  other 
times  only  as  more  or  less  confused  talk.  These  ^iJ!3Siii« 
disturbances  are  generally  known  as  "cross-talk,"  S^^ 
and,  as  suggested  in  the  above  quotation,  may  be*"***" 
due  to  any  of  the  following  causes :  leakage,  electro- 
magnetic induction,  and  electro-static  induction. 
The  troubles  arising  from  leakage  must  necessarily 
exist  in  the  case  of  all  grounded  telephone  circuits. 
They  may  even  exist  in  the  case  of  metallic  circuits, 
unless  considerable  care  is  taken  in  the  insulation  of 
the  lines.  Cross-talk  arising  from  electro-magnetic 
and  electro-static  induction  can  generally  be  prac- 
tically obliterated  by  the  use  of  metallic  circuits, 
provided  certain  precautions  are  taken,  which  will 
now  be  referred  to. 

The  actual  amount  of  electro-magnetic  and  elec- 
tro-static induction  that  can  be  produced  in  any 
telephone  circuit  from  the  influence  of  neighboring  Almost 
wires  is  very  small.    It  might  appear,  at  first  sight,  ab1^"nDi£ 
therefore,  that  at  the  best  the  amount  of  such  dis-  eie^tik 
turbances  must  be  slight    This,  however,  is  far  from  quiJeJtT 
being  the  case,  for  the  delicacy  of  the  telephone  is  so  JSefving 
great  that  an  almost  inconceivably  small  amount  ui?****^ 
of  current  is  sufficient  to  produce  clear  and  intel- 
ligible speech  in  the  receiver.    Take,  for  example, 
the  case  of  the  telephone  in  the  desk  set  represented 
in  Fig.  60.    A  definite  amount  of  mechanical  energy 
must  be  expended  in  raising  the  receiving  telephone 
from  its  supporting  hook  on  the  switch  lever.    As- 
suming the  weight  of  the  receiving  instrument  to  be 
say  13  oz.,  and  that  it  is  raised  through  a  vertical 
distance  of  one  foot  in  order  to  bring  it  to  the  ear 
of    the    party    listening,    then    if   all  this  energy 
were  converted  into  electric  energy,  so  marvellously 
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small  is  the  amount  of  current  required  to  produce 
clear  and  intelligible  speech  in  the  receiving  tele* 
phone,  that  the  electricity  so  generated  would  suffice 
to  keep  the  receiver  continually  sounding  for  some 
240,000  years  I 

Electro-  ^^  ^^^  ^^  ^^^  ^^^^  bdicvcd  that  the  principal  cause 
SrtLir  ^^  "cross- talk*'  was  due  to  electro-magnetic  induc- 
p^pj*  tion.  Investigations,  however,  undertaken  by  J.  J. 
^Jgjgjjj  Carty,  would  appear  to  show  that  electro-static  in- 
duction is  the  principal  cause. 

As  far  as  dectro-static  induction  between  two 
neighboring  wires  is  concerned,  its  effects  may  be 
completely  avoided  by  placing  the  conductors  within 
lead-covered  sheaths.  In  such  a  case  any  charge 
MiicSee*  communicated  to  either  of  the  wires  will  terminate 
TOvSod  on  the  outside  of  the  conducting  sheath,  and  so  will 
cabiM.  £j^jj  ^^  charge  the  conductors  placed  inside.  Where 
bare  wires  are  employed,  as  in  the  case  of  overhead 
conductors,  some  method  must  be  employed  to  avoid 
the  effects  of  electro-static  induction.  Since  the  dis- 
turbances due  to  heavy  curr«its  employed  in  arc 
and  incandescent  lighting  and  in  power  circuits  are 
mainly  due  to  electro-magnetic  induction,  it  is  de- 
sirable to  employ  some  method  that  will  protect  the 
wires  from  disturbances  produced  by  both  types  of 
induction.  This  is  accomplished  by  what  is  called 
the  transposition  of  the  circuit. 

The  transposition  of  tdephonic  wires,  or  tele- 
phonic cross  connection,  as  it  is  frequently  called,  is 
an  arrangement  of  the  circuits  for  the  purpose  of 
lessening  the  effects  of  induction  by  crossing  equal 
lengths  of  adjacent  parallel  wires,  so  that  they  alter- 
nately occupy  opposite  sides  of  the  circuit  In  this 
manner  the  effects  produced  by  opposite  sides  of  the 
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circuit  wires  neutralize  each  other.  The  transposi- 
tion of  the  conductors  is  effected  by  means  of  in- 
sulators provided  with  two  grooves,  as  shown  in 
Fig.  6i.  Here,  as  will  be  seen,  the  two  circuit 
wires,  instead,  however,  of  proceeding  as  usual,  inJ^tlSnof 
one  and  the  same  straight  line  from  the  end  of  oneJ^uSfuT* 
pole  to  the  next  pole  on  the  line,  are  "dead  ended," 
or  connected  to  the  insulators  on  open  circuits,  in  the 
manner  shown  in  the  figure.  Small  cross  wires  are 
then  employed,  one  of  which  connects  a  with  d,  and 
the  other  b  with  c,  so  that  the  wires  cross  over  or  are 
transposed  at  these  points. 


Fig.  6i. — ^Transposition  of  Overhead  Telephone  Wires.  Note  the  two 
grooved  transposition  insulators  and  how  the  line  wires  are  transposed 
by  their  use. 

In  practice  transpositions  are  made  every  quarter 
or  every  half  mile.  Where,  as  is  practically  always 
the  case,  a  great  number  of  separate  telephonic  cir- 
cuits are  suspended  on  the  same  pole  line,  no  two^uajbcr^^ 
sets  of  separate  conductors  that  run  side  by  side  JJlSS  w^-*^ 
have  their  separate  wires  transposed  either  at  the^'jJJe. 
same  pole  or  the  same  number  of  times,  since,  were 
this  done,  although  their  circuits  might  be  non-in- 
ductive as  regards  their  own  wires,  yet  they  might 
badly  influence  neighboring  circuits.  This  difficulty 
is  avoided  by  making  the  number  of  transpositions 
twice  as  great  in  one  circuit  as  in  the  neighboring 
circuit.  By  twisting  outgoing  and  incoming  con- 
ductors together,  a  perfect  system  of  non-interfer- 
ing circuits  is  obtained.  This  method  is  always 
adopted  in  the  construction  of  telephone  cables. 
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In  telq)hone  cables,  where  a  great  number  of  sep- 
arate pairs  of  wires  are  employed,  the  separate  cir- 
cuits are  insulated,  and  each  pair  of  conductors  are 
twisted  together  and  placed  inside  a  lead  sheathing. 
Here  the  lead  is  slightly  alloyed  with  tin,  in  order 
to  decrease  its  tendency  to  corrode.     In  the  early 
bUw'SS"   history  of  telephony,  rubber  was  employed  for  the 
UiSS^'ll*  insulating  substance;  but  while  this  substance  an- 
tSSa?for    swered  admirably  so  far  as  its  insulating  powers 
teie^one   ^^^  conccmed,  it  was  found  in  practice  that  its 
electro-static  capacity  was  so  great  that  it  has  been 
replaced  by  some  other  insulating  substances;  for, 
an  increase  in  the  electro-static  capacity  of  a  tele- 
phone wire  decreases  the  delicacy  of  its  operation. 
In  order  to  obtain  the  comparatively  low  electro- 
static capacity  possessed  by  air,  dried  paper  has  been 
employed  for  the  insulator  between  individual  pairs 
of  conductors.     At  first  this  paper,  coated  with 
paraffine,  was  aerated  with  dry  carbonic  acid  gas. 
Now,  however,  dried  paper  alone  is  preferably  used, 
iMuuted    the  conductors  being  either  separately  wrapped  with 
^legione   ^  spiral  of  paper,  or  the  two  wires  placed  parallel  to 
one  another,  with  a  sheet  of  paper  between  them,  and 
each  pair  of  wires  being  then  twisted  together.    In 
this  way  the  electro-static  capacity  of  the  telephone 
line  has  been  greatly  decreased'. 

Telephone  cables  are  either  strung  on  poles  or 

placed  in  underground  conduits.      When  hung  on 

Meneager  p^j^^  gjjj^^  ^j^^  j^g^j  ^Qver  employed  is  too  heavy 

to  support  its  own  weight,  it  is  suspended  from  a 
steel  wire  or  rope,  called  a  messenger  wire,  tightly 
stretched  between  poles,  and  the  cable  supported 
on  the  messenger  wire  by  means  of  a  cable  hanger. 
A  cable  hanger  consists  of  a  hanger  and  hook,  con- 
h!^,  netted  with  the  cable  in  the  manner  shown  in  Fig. 
62,  the  hook,  H,  being  su{qx>rted  by  the  messenger 
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wire.  A  lead-incased,  paper-insulated  telephone 
cable,  such  as  is  employed  generally  by  the  Bell 
Telephone  Company,  is  shown  in  Fig,  63. 


Fio.  6>.— Cable  Hanger  for  Ovcrbead  Telephoiw  Cibte.  Note  the 
KRSt  number  of  aepantetT  insulated  telephoiie  wire*  placed  wtthin  the 
lead  coverius  of  the  telephone  cable. 

Where  overhead  wires  are  connected  with  under-  cawe 
ground  cables,  or  the  reverse,  some  special  provision  ^l  bo^ 


Fio.  63.— Lead-incaaed  Paper  Telephone  Cable.  Note  the  fact  that 
Uk  aeparatel;  imulaied  wire*  are  here  Grit  iiuulaced  by  a  wrapping  of 
■ome  inaulating  malerial  and  then  coTered  with  the  lead. 

is  necessary  in  order  to  prevent  moisture  from  enter- 
ing the  cable,  and  thus  injuring  its  insulation.     Tliis 
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is  done  by  means  of  a  water-tight  box,  called  a 
cable  terminal  or  cable  box.  The  terminal  or  box 
is  generally  formed  of  iron,  and  is  su|^rted  on  a 
special  pole  provided  for  the  purpose.  The  cable 
enters  the  box  either  from  above  or  below,  through 
a  brass  tube  or  sleeve,  that  ti^tly  fits  the  cable 


Fm.  64.— Ctbic  TcrmiiMl  or  CaUe  Box  lod  Pole. 

sheath,  to  which  it  is  soldered  by  a  wiped  joint, 
such  as  is  generally  made  by  plumbers.  Such  a 
cable  box,  placed  on  a  pde  and  provided  with  a  plat- 
form for  convenience  in  arranging  the  wires,  is 
shown  in  Fig.  64,  where  an  underground  caUe  is 
connected  with  a  pole  line.  Eadi  metallic  circuit, 
or  each  pair  of  separate  wires,  is  spread  out  (fanned 
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out)  to  the  separate  terminals  provided  inside  the 
box  and  arranged  as  shown  in  Fig.   65,  whidi 
represents  the  inside  of  a  cable  box.    The  termi-a 
nals  of  each  of  these  circuits  pass  throu^  insula- 
tors  in   the   box,   the   openings   being   carefully 


Pm.  •].— Interior  of  C*ble  Head  or  Ba>. 

made  water-tight.  Fuses  and  lightning  arresters 
are  placed  between  the  circuits  of  the  line  and  the 
instruments,  in  order  to  ensure  protection  from 
lightning  discharges  or  other  abnormal  currents. 
Sometimes  a  cable  box  is  made  in  a  circular  form, 
and  placed  on  the  top  of  the  pole.  In  such  cases 
the  separate  circuits  are  arranged  around  the  dr- 
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cumference  of  the  crown.  In  all  cases,  a  water- 
proof, metallic  cover  is  placed  on  the  outside  of  the 
box,  after  a  piece  of  lime  has  been  placed  inside  for 
the  purpose  of  absorbing  moisture. 

Various  forms  of   lightning  arresters  are  em- 
ployed on  telephonic  circuits.      The  protection  of 
ugbiDing  sudi  lines  from  high-pressure  lightning  discharges 
f^«a^    or  other  abnormal  currents  presents  many  difficui- 
bod  Una.  jjgg  jjj  actual  practice,     A  very  common  form  em- 
ployed for  the  protection  both  of  telephonic  and 
telegraphic  lines  from  lightning  discharges  is  shown 
in  Fig.  66.    Here  the  line  wires,  A  and  B,  are  con- 


Fio.  66. — Comb  Lightning  Arrtsler  (o(  Overhead  tinea. 

nected  with  the  two  line  plates  that  are  cixitinua- 
tions  of  the  tines  at  C  and  D  respectively.  TTiese 
plates  are  provided  with  points,  and  are  placed  near 
a  third  plate  that  is  connected  to  the  ground  by 
means  of  the  wire  G.  The  three  plates  are  insulated 
from  one  another.  Should  lightning  strike  the  line 
wire  it  will  jump  between  the  plates  in  the  air  gap 
between  the  points  and  the  ground  plates,  and  so 
pass  to  ground,  rather  than  overcome  the  im- 
pedance of  the  instruments  and  coils  on  the  line. 
The  three  plug-holes  represented  between  the  plates 
are  for  the  introduction  of  a  metallic  plug,  ^own 
in  the  middle  of  the  plate  connected  with  the  ground 
wire  G.     The  insertion  of  this  plug  in  either  of  the 
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holes  between  the  line  plates  and  the  ground  plate, 
will  short-circtrit  that  particular  plate  with  the 
ground.  If  placed  in  the  hole  between  the  two 
plates  connected  with  A  and  B,  it  will  short-circuit  ^^^  **' 
the  instruments,  and  afford  an  excellent  means  ofiJ^MtSf 
protection  against  lightning  strokes.  This  use, 
however,  is  highly  objectionable,  since  a  failure  to 
remove  such  plug  will,  of  course,  put  the  line  out 
of  use,  and,  if  this  line  be  a  party  line,  will  punish 
others  than  the  negligent  subscriber  who  has  failed 
to  remove  the  plug. 

Another  means  frequently  adopted  for  protection 
against  either  lightning  strokes  or  the  heavy  currents 
employed  on  lighting  and  power  circuits,  consists  in 
the  introduction  of  a  fine  fuse  wire  in  the  circuit  of 
each  line  conductor.  This  fuse  wire  generally  con- 
sists of  a  very  thin  lead  fuse,  mounted  on  strips  of 
mica  inserted  between  metallic  clips,  and  connected 
respectively  to  the  line  wires  and  the  instruments 
that  are  to  be  protected.  A  difficulty  arises  in  such 
cases  in  readily  obtaining  a  uniformity  in  all  the 
thin  wires  to  ensure  their  blowing  or  fusing  at  the 
required  and  predetermined  small  increase  of  cur- 
rent. 

Another  form  of  lightning  arrester  is  obtained  by 
taking  two  blocks  of  carbon,  and  placing  a  thin  strip 
of  mica  between  them,  these  blocks  being  slipped  in 
between    spring   clamps   connected   with   the   line^eugtit. 
wires.     A  lightning  arrester  consisting  of  both  of  S°with^'' 
these  forms  is  shown  in  Fig.  67.     Here  a  porce- ''"^ '''^ 
lain  block  is  furnished  with  six  metallic  clips,  four 
of  which  are  vertical,  and  two  horizontaL    The  line 
wires  are  connected  witii  the  two  vertical  clips  on  the 
tipper  right-hand  side  of  the  block,  and  blodcs  of 
caitxm,  with  plates  of  mica  between  them,  are  oaor 
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nected  with  the  horizontal  clips  on  the  lower  left- 
hand  side  of  the  block.  The  fuse  wires,  supported 
on  vertical  sheets  of  mica,  are  placed  between  the 
line  wires  and  the  carbon  blocks  by  connection  with 
the  vertical  clips  in  the  manner  shown.  The  verti- 
cal binding  post,  placed  between  the  two  carboii 
blocks  at  the  extreme  left-hand  side  of  the  figure, 
is  connected  with  the  ground  wire. 


In  the  case  of  underground  telephone  cables,  the 
cables  are  placed  in  conduits  provided  at  suitable 
Under-      intervals  with  manholes,  in  order  to  readily  obtain 
™dMiuior  access  to  the  cables,  and  to  provide  for  drawing 
LwK!™   them  through  the  ducts.     In  order  to  lessen  friction 
in  the  introduction  or  removal  of  the  cables,  the 
ducts  between  successive  manholes  should  be  made 
as  straight  as  possible.     The  conduits  are  made  of 
various  forms.     Creosoted  wood  or  vitrified  terra- 
cotta is  frequently  employed.     The  latter  has  been 
found  in  practice  preferable. 

The  circuit  wires  for  overhead  lines  are  made 
either  of  copper,  iron,  or  aluminium.     Since  the 
**'"^     distance  between  successive  poles  of  an  overhead 
cuppa  oir«T  line  will  necessarily  depend  on  the  tensile  strength 
leiepboii  of  the  wire,  iron  possesses  a  slight  advantage  over 
copper  so  far  as  first  cost  of  construction  is  con- 
cerned.     In  other  respects,  however,  it  is  vastly 
inferior  to  copper ;  for,  the  most  important  property 
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of  a  line  wire  is  its  conducting  power,  and,  as  we 
have  seen,  in  order  to  make  the  conducting  power 
of  iron  equal  to  that  of  copper,  it  would  require 
the  iron  wire  to  have  an  area  of  cross-section  nearly 
seven  times  that  of  the  copper.  This  would  necessi- 
tate a  marked  increase  in  the  electro-static  capacity 
of  the  iron  conductor,  which,  as  we  have  seen,  is  a 
serious  objection.  The  resistance  of  the  line  wires 
or  conductors  for  such  circuits  is  conveniently  meas- 
ured in  terms  of  what  is  called  their  weight-per- 
mile-ohm,  or  die  weight  of  a  conductor  (me  mile  in 
length,  and  of  such  a  uniform  area  of  cross-section 
as  would  give  it  a  resistance  of  one  ohm.  Here,  of 
course,  the  smaller  the  weight-per-mile-ohm,  the 
greater  will  be  the  conductivity  of  the  conductor. 

Since  iron  wire  corrodes  rapidly  when  exposed 
to  air,  it  is  necessary  to  protect  its  surface  in  some 
way  when  used  for  overhead  conductors.  One  of 
the  best  means  for  doing  this  consists  in  coating  the 
wire  with  zinc  or  galvanizing  it.  The  following 
method  is  proposed  by  Miller,  to  determine  whether  ^^SSI?* 
or  not  a  sufficiently  thick  layer  of  zinc  has  been 
placed  on  the  wire  during  the  galvanizing  process : 
Select  several  samples  of  the  wire  at  random,  and 
immerse  them  in  a  saturated  solution  of  copper  sul- 
phate for  70  seconds  each.  Then  remove  the  wires 
and  wipe  each  clean  with  a  cloth.  Repeat  this  four 
times.  If,  at  the  end  of  the  fourth  immersion,  the 
wire  appears  black,  as  it  did  at  the  end  of  the  first 
immersion,  the  zinc  has  not  all  been  removed,  and 
the  galvanizing  has  been  properly  effected.  If,  how- 
ever, the  wire  has  a  copper  color,  either  over  its 
entire  surface,  or  in  parts,  it  shows  that  the  zinc  has 
been  eaten  away,  and  that  the  coating  of  zinc  is 
insufficient.  The  wire  should,  therefore,  be  re- 
jected. 


wires. 
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CHAPTER   IX 

TELEPHONE     SWITCHBOARDS,        CENTRAL     STATIONS 

"Nothing  is  more  important  to  the  telephone  exchange  man- 
ager than  the  switch-board.  It  is,  as  it  were,  the  central  sun, 
around  which  all  his  other  apparatus  revolve." — Practical  In- 
formation for  Telephonists:  Thomas  Lockwood 

HE  object  of  the  telephone  is  to  be  able  to 
communicate  with  a  number  of  different 
people  in  various  parts  of  a  city  or  various 
sections  of  country.  In  order  to  be  able  to  do  this, 
some  form  of  telephone  exchange  or  central  station 
fS^nii  niust  be  employed,  by  means  of  which  any  subscriber 
•fcit^^"*  or  telephone  user,  who  is  connected  with  a  system, 
can  be  placed  in  direct  communication  with  any 
other  subscriber  or  telephone  user  connected  with 
the  same  system.  In  order  to  do  this,  all  the  vari- 
ous telephone  lines,  that  are  either  metallic  or 
grounded,  radiate  in  various  directions  from  the 
exchange  or  central  station  to  the  different  subscrib- 
ers. At  the  central  station  all  these  wires  are  con- 
nected to  a  form  of  apparatus  called  a  switchboard. 

Since,  in  a  metallic  circuit,  a  double  set  of  line 
wires  pass  from  each  subscriber  to  the  switchboard 
at  a  central  station,  these,  together  with  the  wires 
TiSii      necessary  for  the  operator  to  receive  and  answer 
ex(J?^glf   calls,  and  to  connect  various  subscribers  together, 
bSirtL"      make  such  a  switchboard  an  exceedingly  complex 
piece  of  electric  apparatus.     For  the  sake  of  sim- 
plicity, however,  we  will  take  the  case  of  two  sub- 
scribers only,  in  a  small  telephone  exchange,  and, 
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in  order  to  make  the  matter  still  simpler,  will  sup- 
pose the  circuit  to  be  furnished  with  ground-return 
conductors;  that  is,  to  have  one  end  of  the  circuits 
grounded.  Such  simplified  switchboard  connections 
are  shown  in  Fig.  68. 
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Fio.  68.— Part  of  a  Central  Station  Switchboard  for  a  small  Telephone 

Station. 


Two  different  subscribers'  lines  only  enter  the  sta- 
tion, and  are  connected  with  what  are  called  line 
jacks,  which  consist  of  a  form  of  spring  contact, 
placed  back  of  the  switchboard,  and  provided  each  fjSSf" 
with  a  hole  immediately  in  front  of  the  switchboard  fiUS^ir. 
for  the  insertion  of  a  plug  connected  with  a  cordSlSi^ 
circuit.     A  separate  spring-jack  is  placed  on  the 
switchboard  for  every  separate  subscriber.     The 
insertion  of  a  plug  into  a  particular  spring- jack  will 
connect  the  circuit  of  the  plug  with  the  line  of  that 


160  ELECmiGITT  m  EVERYDAY  LIFE 

particular  subscriber.  There  is  connected  with  each 
subscriber's  line  an  electro-magnetic  apparatus, 
called  a  line  drop,  which  is  provided  for  the  pur- 
pose of  calling  the  attention  of  the  (^)erator  to  the 
fact  that  a  call  has  arrived  from  a  certain  sub- 
scriber's line,  the  particular  line  being  indicated  by 
the  falling  of  a  shutter,  on  which  is  displayed  the 
number  of  the  calling  line.  The  release  of  this 
shutter  is  effected  by  the  movement  of  the  armature 
of  an  electro-magnet,  through  whose  coils  the  call- 
ing current  passes.  The  operator's  receiver  is  rep- 
resented at  the  lower  part  of  the  figure  by  R.  Her 
wSitui!  transmitter  T  is  placed  in  the  local  circuit  of  the 
battery  B,  and  the  primary  p  of  the  induction  coil, 
whose  secondary  ^  forms  a  part  of  the  circuit  of  the 
receiver  R.  Keys  K,  K',  K",  a  magneti.c  generator, 
plugs  P  and  P',  with  their  cords  c  and  c ,  weighted 
at  W,  W,  are  placed  in  the  circuit  of  the  secondary 
s,  and  connected  to  the  ground  at  G. 

Supposing  now   that   a   call   comes   in  over  a 
subscriber's  line,  as  indicated  by  the  dropping  of 
the  shutter  of  one  of  the  line  drops  or  annunciators. 
The  operator  now  takes  up  the  plug  P*,  and  inserts 
it  into  the  particular  line  jack  whose  number  corre- 
^ra^ng  sponds  with  the  number  displayed  on  the  line  drop, 
at  th^'t^  thus  connecting  the  circuit  of  the  exchange  with 
t^hoM   this  line.     Then,  moving  the  lever  of  the  key  K",  so 
circuiL      ^^^  j^g  spring  makes  contact  with  the  stop  below, 
as  shown  in  the  figure,  she  thus  connects  her  in- 
struments with  the  circuit  of  the  calling  line,  and 
listening  at  her  'phone,  which,  for  the  sake  of  con- 
venience, is  almost  always  held  to  her  ear  by  a  head- 
band, she  speaks  into  her  transmitter,  and  asks 
"What  number?*'    On  learning  the  particular  num- 
ber desired,  she  now  takes  up  the  other  plug  P, 
and  inserts  it  in  the  line  jack  of  the  desired  number. 
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and  thus  completes  the  connection  from  the  ground 
at  the  central  station,  through  the  generator,  key  K, 
cord  c,  plug  P,  and  the  particular  line  jack  called 
for,  with  the  calling  subscriber.  Should  the  opera- 
tor desire  to  "listen  in,"  so  as  to  ascertain  whether 
the  subscribers  have  completed  their  conversation,  she 
merely  depresses  the  key  K",  thus  throwing  her  tele- 
phone into  a  branch  circuit  between  the  two  sub- 
scribers. K',  when  so  desired,  may  be  used  to 
connect  the  generator  of  the  line  connected  with  the 
plug  P". 


Flo.   69. — Soitchboud   Suitable  for  small  iHlated  Telephone  Sution. 

The  ciearing-out  drop  is  an  electro-magnetic  ap- 
paratus similar  to  the  line  drop,  which  is  employed 
in  order  to  notify  the  operator  when  either  of  theo«t<i"p 
subscribers  is  through  with  their  conversation,  orci"or- 
rings  off ;  that  is,  sends  a  current  from  the  generator 
through  the  coils  of  the  magnets,  thus  causing  its 
shutter  to  drop. 

A  metallic  circuit  switchboard  is  arranged  prac-  ^^^^ 
tically  in  the  same  manner.     Here,  however,  me-  *o«d  for 
tallic-retum  is  employed  in  place  of  the  in'oi^"'^- [^iS^ne 
return.     Without  going  into  further  detailed  de-"»«™- 
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Clearinsr- 
oat  drops. 


scription  of  the  switchboard,  it  will  suffice  to  call 
attention  to  the  switchboard  suitable  for  a  small, 
isolated  exchange,  represented  in  Fig.  69.  Al- 
though this  switchboard  differs  in  some  respects 
from  that  described  in  connection  with  Fig.  68, 
yet  it  will  show  in  general  the  manner  in  which  such 
connections  are  carried  out  in  the  switchboard  of 
Fig.  69.  There  are  100  line-drops  or  electro- 
magnetic annunciators  d,  d,  d,  d,  arranged  in  ten 
rows  of  ten  each.  Below  these  are  placed  120 
spring- jacks  ;,  j,  j,  j,  arranged  in  six  rows  of  twenty 
each.  Immediately  below  the  spring- jacks  is  a  sin- 
gle row  of  ten  drops,  the  clearing-out  drops,  that 
are  only  connected  in  the  circuit  when  the  two  sub- 
scribers are  connected  for  conversation.  When  the 
subscribers  have  completed  their  conversation,  a 
current  is  sent  from  either  end  of  the  line  through 
the  coils  of  the  clearing-out  drop,  thus  indicating 
the  completion  of  the  conversation.  In  the  particu- 
lar case  shown  in  the  figure,  the  four  pairs  of  cords, 
counting  from  the  left,  are  so  inserted  in  the  jacks 
as  to  connect  subscribers  5  and  78. 


A  somewhat  similar  form  of  switchboard  is  shown 
in  Fig.  70.  There  are  only  50  electro-magnetic 
drops  placed  in  the  upper  part  of  the  board,  and  50 
spring- jacks  placed  below  them.  Six  pairs  of  cords 
connected  with  six  annunciators,  A,  B,  C,  D,  E,  and 
F,  are  placed  above  the  spring- jacks. 

In  the  early  forms  of  electro-magnetic  drops  it 
was  necessary  to  reset  the  drops  by  hand.  This  re- 
storing quired  both  time  and  attention  on  the  part  of  the 
SwSSpfc  operator,  and,  therefore,  decreased  the  number  of 
subscribers  that  one  operator  could  satisfactorily 
take  care  of.  In  later  improved  forms,  the  resetting 
of  the  drop  is  effected  automatically  by  means  of  a 
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second  electromagnet,  whose  coil,  called  the  restor- 
ing coil,  is  placed  in  a  local  circuit  containing  a  bat- 
tery, and  this  circuit  is  closed  by  the  insertion  of  the 
plug  into  the  jack  of  the  line  belonging  to  that  drop. 

In  another  form  of  signal,  which  is  coming  into 
general  use,  especially  in  large  stations,  the  electro- 


PiO.   711. — Privite  Exchaogc  Telephone  Switchbotrd. 

magnetic  drop  is  replaced  by  a  small  incandescent 
electric  lamp,  which  lights  up  on  the  arrival  of  a  call 
from  a  distant  station,  thus  notifying  the  operator  tS^S^ 
that  connection  is  desired.  Similarly,  the  extin-"*"*^ 
guishment  of  such  a  lamp  indicates  that  the  con- 
versation is  over.  Such  signals  are  called  luminous 
signals.  These  are  found  in  practice  to  be  much 
more  satisfactory  than  the  electro-magnetic  signals. 
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Their  advantages  arise  from  many  causes.  In  the 
first  place,  the  luminous  signal  attracts  the  attention 
of  the  operator  with  much  more  certainty  than  does 
the  electro-magnetic  drop.  Then  there  is  no  mech- 
anism, as  in  the  case  of  the  electro-magnetic  signal, 
that  requires  careful  adjustment,  and  which  is  liable 
tl«eJ?f  to  cause  trouble  if  not  carefully  looked  after.  More^ 
tcSphoM  over,  luminous  signals  are  automatic  in  their  action. 
Mgiuus  'pjjg  lamp  continues  to  bum  only  as  long  as  the  cur- 
S^Sic  rent  is  passing  through  it,  thus  possessing  the  marked 
SJStH***"  advantage  over  any  other  form  of  self-restoring 
drop,  of  being  instantly  reset  when  the  current 
is  cut  off.  But  what  is,  perhj^ps,  much  more  im- 
portant than  all,  is  the  fact  that  such  signals  can 
be  made  to  occupy  a  very  small  space  on  the  face 
of  the  switchboard,  an  extremely  important  consid- 
eration in  the  case  of  switchboards  for  large  sta- 
tions. Among  still  further  advantages  which  lu- 
minous signals  possess,  may  be  added  that,  by  mak- 
ing the  lamps  of  different  colors,  it  is  possible  to 
convey  to  the  operators  some  information  other  than 
that  certain  subscribers  desire  connection.  Then 
again,  such  signals,  when  broken  or  inoperative,  can 
be  almost  instantly  replaced,  which  is  far  from  being 
the  case  with  the  circuit  connections  of  the  electro- 
magnetic drops.  Finally,  luminous  signals  are 
cheaper  to  install. 

We  have  already  referred  to  the  type  of  incan- 
descent lamp  suitable  for  switchboard  work  on  tele- 
incandes-   phoues.     For  effective  action  it  is  necessary  that 
fOTtei^^  such  lamps  should  be  well  made  and  of  a  uniform 
BwilSS.      resistance.    Abbott  shows  that,  in  the  case  of  well- 
constructed  telephone  signal  lamps,  the  average  life 
is  about  12,000  hours.     Of  course,  the  length  of 
time  that,  in  most  cases,  such  lamps  are  in  actual 
use  is  short,  so  that  the  number  of  times  that  an 
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individual  lamp  can  be  operated  is  frequently  very 
great.  A  case  is  dted  in  which  a  particular  tele- 
phone signal  lamp,  although  flashed  over  a  million 
times,  yet  did  not  show  any  serious  signs  of  old  age. 

Wherever  the  number  of  subscribers  on  a  switch- 
board is  greater  than  a  single  operator  can  take  care 
of,  it  is  necessary  to  provide  a  switchboard  of  a  how  tub- 
greater  capacity,  arranged  for  several  operators,  to  500  ar^' 
If  two  operators  can  readily  handle  all  the  subscrib- 
ers, then  a  switchboard  of  greater  width  is  provided, 
and  two  operators  are  placed  before  it,  each  being 
furnished  with  the  necessary  transmitting  keys, 
switches,  and  generators.  When  necessary,  either 
of  these  operators  can  reach  across  the  other,  so  as 
to  be  able  to  insert  her  plugs  into  distant  jacks. 
In  this  manner  it  is  possible  for  the  two  operators 
to  take  care  of,  say,  500  separate  subscribers. 

But  where  the  number  of  subscribers  exceeds  500, 
then  some  other  plan  must  be  adopted.     Since  the 
breadth  of  such  switchboards  would  necessarily  beI^^l^p,^ 
too  great  to  enable  a  distant  operator  to  reach  tover  SJJJ^for 
so  as  to  insert  her  plug  in  the  most  distant  jack,  and,  iStioM?* 
moreover,  since  the  length  of  such  plug  cords  would 
be  inconveniently  great,  too  great,  indeed,  to  be 
readily  disposed  of  in  the  space  between  the  table 
and  the  floor,  a  form  of  switchboard  called  a  mul- 
tiple switchboard  must  be  employed. 

Multiple  switchboards  for  central  telephone  sta- 
tions are  designed  to  enable  each  operator  to  make  General 
any  connection  that  may  be  desired  without  the  aid  mStST 
of  any  other  operator,  and  without  the  use  of  un-wUcE-* 
duly  lengthy  cords.      The  multiple  switchboard  is  ccntnS  °' 
divided  into  a  number  of  separate  sections,  each  of  JutFoM?* 
which  affords  working  room  for  three  operators. 

Each  section  is  provided  with  a  separate  spring- jack 
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for  every  subscriber  connected  with  the  line,  so  that 
in  a  station  of,  say,  3,000  subscribers,  there  would 
be  3,000  separate  line-jacks  in  each  panel.  The 
number  of  line-drops  or  visual  signals  in  each  panel, 
however,  is  limited,  say,  to  200,  so  that  a  multiple 
switchboard  for  3,000  subscribers  would  require  15 
separate  panels.  An  additional  jack,  called  an  an- 
swering-jack,  however,  is  provided  for  each  line 
that  has  a  drop  or  a  luminous  signal  at  that  particu- 
lar section,  these  jacks  being  placed  in  a  separate 
panel,  generally  at  the  lower  side  of  the  board. 

Suppose  now,  in  the  case  of  such  a  15-panel, 
3,000-subscriber,  multiple  switchboard,  a  call  comes 
in  from  a  distant  subscriber.  His  drop  or  luminous 
signal  will  be  operated  at  one  only  of  the  15  sepa- 
Mannerof  Tate  panels.  The  operator  at  this  panel  at  once  in- 
muiupi?  *  serts  an  answering  plug  in  the  answering-jack  of 
bSiJ^'  that  line,  and  then  inserts  her  telephone  into  the 
cord  circuit  of  that  plug,  and  inquires  the  particular 
number  desired.  She  then  completes  the  connection 
with  the  particular  ntunber  called  for  by  inserting 
a  calling  plug  into  the  particular  multiple-jack  of 
that  subscriber's  line,  which  will,  of  course,  be  situ- 
ated in  her.  section.  During  the  hours  of  the  day 
when  the  number  of  calls  is  small,  a  single  operator 
can  easily  take  care  of  all  the  calls  on  her  section, 
but,  as  the  number  of  calls  increases,  two,  and  in  the 
busiest  hours  of  the  day,  three  operators  are  placed 
at  each  section.  Although  a  single  operator  can 
readily  reach  all  the  jacks  on  a  single  section,  yet, 
since  three  operators  are  stationed  before  a  single 
section  during  very  busy  hours  of  the  day,  each 
operator  is  generally  provided  with  a  multiple- jack 
for  all  the  lines  within  her  reach. 

• 

A  test  employed  on  multiple  switchboards,  called 
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the  busy  test,  is  necessary  in  order  to  prevent  the 
connection  on  any  of  the  separate  panels  of  a  sub- 
scriber who  has  already  been  connected  with  an-j^Jf^^J^ 
other  line,  by  ascertaining*  whether  the  particular  b^!^ 
line  called  for  is  free  or  not.  This  test  consists  in 
some  means  whereby  an  operator  at  any  panel  can 
almost  instantly  ascertain  whether  a  particular  party 
called  for  is  or  is  not  already  connected  with  another 
subscriber.  There  are  various  means  by  which  such 
a  fact  is  readily  ascertained. 

It  is  an  extremely  expensive  matter  to  increase 
the  number  of  subscribers  on  a  multiple  switchboard 
beyond  a  certain  limit.     In  large  exchanges,  where 
the  board  may  be  connected  with,  say,  some  6,000 
subscribers,  there  would  be  required  30  separate  sec- 
tions, each  of  which  would  contain,  say,  200  electro-  uiSSto"* 
magnetic  annunciators  or  signals  for  the  200  sepa-^mpie 
rate  line  wires  connected  with  such  sections.     IftSSti." 
an  additional  section,  containing,  say,  200  separate, 
additional  lines,  annunciators,  signals,  etc.,  be  added, 
the  increased  cost  does  not  stop  with  such  increase; 
for,  besides  the  apparatus  required  for  the  new  sec- 
tion, there  must  be  added  200  multiple-jadcs  to  each 
of  the  already  existing  sections.     It  is  for  this  rea- 
son, therefore,  that  in  case  of  exceedingly  large 
switchboards,  some  other  system  is  often  employed. 
Such  a  system,  called  generally  a  transfer  system, 
depends  for  its  operation  on  the  abandonment  of 
multiple-jacks,  and  in  employing  two  or  more  opera-  2j«»fn«* 
tors  to  make  connection  between  two  subscribers  syatems. 
whose  lines  terminate  on  different  sections  of  the 
switchboard.     For  this  purpose  lines  called  trunk 
lines  are  employed. 

The  general  appearance  of  a  multiple  switch- 
board, such  as  is  required  for  use  in  a  large  central 
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telephone  station,  is  represented  in  Fig.  71.  The 
photograph  was  taken  just  before  the  switch- 
iiS'*  board  was  placed  in  actual  use,  and  while  the  opera- 
tors were,  therefore,  away,  so  as  to  enable  the  de- 
tails of  the  exterior  to  be  more  readily  examined. 
In  Fig.  72,  another  form  of  multiple  switchboard ; 
i.e.,  that  employed  at  the  34th  Street  Exchange,  New 
York  City,  is  represented,  with  the  operators  at  work 
in  answering  calls,  making  connections,  etc.     In 
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FlO.  71. — Multiple  Switchboard  for  Large  Central  Teltphone  Station. 
Note  Ibe  great  number  of  (princ-Jacks  in  cacb  of  the  Kpante  paneU 
■nd  the  line  drop*  or  viaual  ^gnala  coDUCGted  with  each  of  aucb  puwli. 

all  such  stations  a  chief  operator  is  installed  aX  a 
separate  desk,  so  provided  with  apparatus  that  she 
can  readily  communicate  by  'phone  with  any  of  the 
operators. 

We  have  described  all  telephone  lines  so  far  as 
^^ei  if  there  were  only  two  parties,  or,  including  the  cen- 
phoDte  tral  station,  three  parties  on  such  line,  or,  in  other 
oiioo*.      words,  only  two  regular  stations  on  the  line.     Such 
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lines  are  called  private  lines.  Sometimes,  however, 
lines  called  party  lines  are  employed,  in  which  more 
than  two  separate  stations  are  situated  on  the  same 
line.  Party  lines  may  be  so  arranged  that  either  a 
code  or  audible  signals  are  employed,  so  that  only 
one  of  the  several  parties  on  the  line  will  go  to  the 
'phone  when  called ;  or,  they  may  employ  some  sys- 
tem of  selective  signalling,   one  subscriber  being 


called  without  disturbing  the  others.  Systems  in 
great  variety  have  been  devised  for  party-line  tele- 
phones. 

In  all  large  telephone  staticms,  where  lines  ccm- 
nect  the  telejrfione  system  with  distant  cities,  means  Tmok 
must  be  provided  by  which  it  is  possible  for  anyifnSio" 
subscriber  connected  with  a  multiple  switchboard  int^L^ 
such  distant  city,  to  be  connected  with  any  subscriber 
CMinected  with  the  multiple  switchboard  at  that  par- 
ticular station.      This  is  accomplished  in  various 
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ways,  the  operators  being  placed  in  communication 
by  trunk-line  wires  with  the  particular  long-distance 
system  of  the  city  calling  the  local  exchange. 

As  the  distance  between  telephone  stations  in- 
creases, unless  care  is  taken,  difficulties  are  experi- 
enced  in   obtaining   clear   and   intelligible   speech. 


Difficulties 


dteun^  These  difficulties  arise  from  the  impedance  of  the 
siSS*°***"  telephone  line,  or  from  the  failure  of  the  receiving 
instrument  properly  to  reproduce  the  tones  of  the 
voice.  The  difficulties  arising  from  attenuation  are 
remedied  by  decreasing  the  impedance  of  the  line. 
Impedance  arises  from  a  variety  of  causes. 

In  the  first  place,  impedance  is  due  to  the  ohmic 
resistance,  which  depends  on  the  character  of  the 
im^ncc  conductors  employed,  the  area  of  their  cross-section, 
phoSe^ines.  and  their  length.  Where  the  telephone  lines  are 
long,  the  resistance  must,  therefore,  be  decreased 
as  far  as  possible  by  employing  fairly  heavy  copper 
wires. 

Another  cause  of  impedance  is  what  is  called  the 
insulation  resistance  of  the  line,  that  is,  the  resist- 
ance measured  either  between  each  line  and  the 
ground,  or  between  the  two  lines  of  a  metallic  cir- 
cuit. The  higher  this  insulation  resistance,  the 
smaller  will  be  the  leakage.  It  has  not  been  found 
to  be  an  advantage,  however,  to  ensure  too  high  an 
insulation  resistance.  On  the  contrary,  a  certain 
amount  of  leakage  is  of  advantage  to  long-distance 
transmission.  Of  course,  too  great  a  loss  of  current 
would  cause  the  current  received  at  the  distant  end 
of  the  line  to  be  too  feeble  to  produce  intelligible 
speech.  There  is,  indeed,  for  every  line,  a  certain 
relation  existing  between  the  value  of  its  insulation 
resistance  and  other  electric  values,  by  which  the 
best  results  as  regards  long-distance  transmission 
can  be  obtained. 
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The  impedance  of  telephone  lines  is  also  affected 
by  the  electro-static  capacity  of  the  line,  that  is,  the 
power  of  the  line  to  act  as  a  Ley  den  jar  or  con- 
denser. Since,  by  this  action  of  the  line,  its  charge 
is  held  in  position  by  the  attraction  of  the  opposite 
charge,  the  electro-static  capacity  of  a  line  retards 
the  currents,  and  prevents  them  from  moving  rap- 
idly from  one  end  to  the  other.  The  electro-static 
capacity  of  a  line  is  increased  by  bringing  the  con- 
ductors near  together.  For  this  reason  the  circuits 
of  telephone  cables,  where  the  wires  are  necessarily 
near  each  other,  have  generally  a  marked  electro- 
static capacity.  Finally,  the  inductive  capacity  of 
the  line,  or,  as  it  is  sometimes  called,  its  electro- 
magnetic capacity,  will  also  greatly  influence  its  im- 
pedance. 

Fortunately  for  long-distance  transmission,  the  ill 
effects  produced  by  an  increase  in  the  electro-static 
capacity  of  a  telephone  line  act  in  the  opposite  di-^      j^ 
rection  to  the  effects  produced  by  electro-magnetic  |^jj^o^ 
induction,  so  that  it  is  possible  so  to  construct  tele-  J^J^S^ 
phone  lines  that  the  two  opposite  influences  may^**^,^*^ 
nearly  completely  neutralize  one  another.     Houston 
and  Kennelly,  in  their  work  on  the  "Electric  Tele- 
phone," thus  speak  of  this  balance  of  long-distance 
lines : 

"The  effect  of  electro-magnetic  capacity  in  the 
line,  that  is  to  say,  between  the  parallel  conductors 
forming  the  circuit,  is  not  necessarily  prejudicial  to SSkS- 
the  development  of  telephonic  current  strength  ingJ^J^*}^,^ 
the  receiver.     If  electro-static  capacity  were  absent  5{j5^°f; 
from  the  line,  then  electro-magnetic  capacity  or  in-  £}2[****"* 
ductance    would    be    as    detrimental    to    current 
strength,  as  it  is  when  developed  in  the  receiving 
apparatus,  but  being  associated  with  electro-static 
capacity  along  the  line,  the  influence  of  the  one  is 
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Opposed  to  the  influence  of  the  other,  and,  when 
properly  adjusted,  they  can  be  caused  largely  to  neu- 
tralize each  other. 

"The  total  impedance  of  a  long  telephone  circuit 
is,  therefore,  much  less  by  reason  of  its  inductance 
than  it  would  be  if  the  inductance  were  absent,  since 
every  line  necessarily  possesses  electro-static  capac- 
ity.    In  overhead  lines,  and  especially  in  cable  con- 
ductors, the  electro-static  capacity  is  greater  than 
My  Su**  is  needed  to  balance  the  electro-magnetic  capacity, 
S^^^i^   so  that  it  is  generally  advisable  to  increase  the  in- 
capadty.    (juctaucc  of  the  line  when  very  long-distance  trans- 
mission is  desired.     This  is  best  accomplished  by 
spreading  the  wires  further  apart  on  the  cross-arms 
of  the  poles,  so  as  to  increase  their  electro-magnetic 
capacity,   while  at  the  same  time  reducing  their 
electro-static  capacity.     In  the  case  of  cable  con- 
ductors, the  electro-static  capacity  is  so  far  in  excess 
of  that  required  to  produce  the  lowest  impedance, 
in  conjunction  with  the  electro-magnetic  capacity, 
that  it  might  be  advantageous  to  insert  coils  of  wire 
at  intervals  in  the  circuit  for  the  purpose  of  increas- 
where       ing  the  effective  magnetic  capacity.     It  is  theoreti- 
of*lId^    cally  possible  so  to  balance  the  conductor  resistance, 
draiS      and  conductor  leakage,  with  the  electro-static  and 
electro-magnetic  capacities,  that  the  circuit  will  only 
offer  a  certain  minimum  impedance  to  a  telephonic 
current,  which  will  not  distort  or  affect  its  frequen- 
cies differentially.     But  at  present  it  is  impossible 
to  produce  conductors  which  will  combine  these  con- 
stants in  the  proper  proportions  to  eflfect  this  result." 

Where  the  necessary  balance  has  been  obtained 
between  the  electro-static  and  the  electro-magnetic 
capacities  of  a  telephone  line  for  any  particular  case, 
care  should  be  taken  that  this  balance  is  not  de- 
stroyed.    In  the  case  of  long-distance  telephony, 
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where,  in  order  to  make  the  necessary  connections, 
a  grounded  telephone  circuit  must  be  connected  with 
the  metallic  circuit  of  the  long-distance  telephone, 
such  a  connection  is  not  made  directly,  but  indi- 
rectly, by  means  of  what  is  called  a  telephone  repeat- 
ing coil.     This  coil  consists  of  a  particular  form  of 
induction  coil,  the  primary  and  secondary  of  which 
have  the  same  number  of  turns  of  wire.    Since  these  Nature  and 
wires  are  of  the  same  diameter  and  length,  the  re- ^e^ikphonc 
sistance  of  the  primary  is  equal  to  the  resistance  of  JoE^**"' 
the  secondary,  so  that  the  repeating  coil  does  not 
produce  any  change  in  the  E.M.F.'s  of  the  currents, 
but  simply  acts  to  transfer  inductively  any  varia- 
tions that  may  exist  in  the  currents  in  one  circuit  to 
the  other  circuit,  thus  repeating  into  one  circuit  any- 
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Fig.  73. — Circuit   Connections   of   Metallic  and   Grounded   Circuits. 
Note  that  there  is  here  only  an  inductive  connection  of  the  two  circuits. 

thing  that  is  spoken  in  the  other.  Suppose,  for  ex- 
ample, that  it  is  necessary  to  connect  the  metallic 
circuit  represented  at  the  left-hand  side  of  Fig.  73, 
with  the  grounded  circuit  represented  at  the  right- 
hand  side.  This  is  readily  done  through  a  repeat- 
ing coil;  for,  if  the  metallic  circuit  is  connected  as 
shown  with  one  side  of  the  repeating  coil,  and  the 
grounded  circuit  with  the  other  side,  any  messages 
sent  over  either  line  are  inductively  transferred  to 
the  other  without  any  necessity  existing  to  ground 
the  metallic  circuit. 

During  the  past  few  years  a  great  improvement 
in  central-station  telephone  systems  has  been  made  bat?e?y  °" 
by  doing  away  with  the  local  batteries  and  calling  sywcm!"* 
generators,  and  replacing  them  by  a  single  common 
battery  or  source  of  electric  energy.    Such  a  system 
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is  called  a  common-battery  system  or  central-energy 
system,  and  has  been  found  in  practice  to  possess 
many  advantages  over  the  old  system. 

T.  C.  Martin,  in  a  report  on  electrical  apparatus 
and  supplies,  prepared  as  the  Expert  Special  Agent 
for  the  I2th  Census  Bulletin  of  the  United  States, 
thus  refers  to  the  matter  of  telephone  switchboards 
in  large  central  stations : 

"In  the  modern  common-battery  system,  to  de- 
scribe the  method  in  broad  terms,  when  the  sub- 
scriber takes  his  receiver  off  the  hook  of  his  wall  or 
desk  set,  a  lamp  lights  up  automatically  on  the  sec- 
tion of  the  switchboard  in  front  of  the  operator  at 
the  central  office,  in  whose  care  his  number  happens 
tctepboM  to  belong.  When  the  operator  sees  this  signal,  she 
I^Stif.^  inserts  a  listening  plug  into  the  spring  jack  of  his 
line,  ascertains  his  wants,  and  then  connects  him  with 
the  spring  jack  of  the  subscriber  wanted  by  means 
of  a  second  plug  connected  with  the  other,  the  called 
subscriber  being  signalled  by  the  magneto  bell  at  his 
station.  The  flashing  in  and  out  of  the  lamps  noti- 
fies the  operator  as  to  the  fact  that  conversation  is 
going  on,  and  informs  her  when  to  withdraw  the 
plugs  that  have  connected  the  two  together.  Further 
refinements  of  this  process  arise  from  the  grouping 
of  subscribers  in  any  large  city  into  various  branch 
exchanges  and  the  employment  of  'trunk'  lines  and 
'trunk'-boards,  but  in  its  essentials  the  method  re- 
mains the  same,  involving,  however,  the  employ- 
ment, with  relays,  of  additional  controlling  and  as- 
sisting apparatus. 

"In  connection  with  the  boards  at  which  sit  the 
operators  for  the  duty  of  putting  subscribers  directly 
into  communication,  each  large  exchange  has  usu- 
ally a  number  of  auxiliary  switchboards.  The  line 
cables  from  outside,  bringing  into  the  central  office 
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the  various  wires  which  lead  to  the  switchboards, 
terminate  in  cable  heads  from  which,  in  the  interior 
cables,  the  wires  are  led  to  distributing  boards,  on 
one  side  of  which  the  line  cables  end,  and  from  the  ^d  ISb? 
other  side  of  which  the  wires  in  switchboard  cables  fit^one 
are  led  away  to  the  main  switchboards.  Thus,  lines  *^'**'* 
from  any  outside  cable  can  be  led  to  any  section  of 
a  board  and  given  to  any  operator's  care,  permitting 
great  ease  in  grouping  subscribers  according  to  the 
busy  character  of  a  wire  or  the  work  arising  in  re- 
gard to  it.  At  this  distributing  point,  moreover, 
the  manufacturers  introduce  the  lightning  arresters, 
intended  to  protect  any  line  from  the  bad  effects  of 
stray  currents  from  outside  and  of  lightning  stroke 
itself.  The  general  idea  of  all  this  apparatus  is  the 
same,  but  it  differs  greatly  in  manufacture.  Another 
part  of  the  work  is  the  manufacture  of  the  subsidiary 
boards  for  an  exchange,  to  be  used  by  monitors,  wire 
chiefs,  superintendents,"  etc. 

In  the  various  forms  of  the  switchboards  above 
described,  the  different  connections  required  by  the 
subscribers  are  made,  as  we  have  seen,  by  opera- Antomauc 
tors  at  the  central  station.    Such  boards  are  called  SJjttS?"* 
manual  switchboards.    There  are,  however,  various  '*°"*'*' 
systems  by  means  of  which  it  is  possible  for  the  sub- 
scribers themselves  to  make  the  connections  and 
disconnections  required.    Such  boards  are  called  au- 
tomatic switchboards.    Th^  are  too  complex,  how- 
ever, to  be  described  in  the  limited  space  at  our 
command. 

It  is  possible  in  telephony,  as  in  telegraphy,  to 
simultaneously  transmit  several  messages  over  a 
single  wire.  Such  systems,  however,  have  not  as 
yet  come  into  general  use,  and,  therefore,  need  not 
be  described. 
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CHAPTER   X 

SOME   CURIOUS   FORMS   AND   APPLICATIONS   OP  THE 

TELEPHONE 

"The  salient  feature  in  this  discovery  is  the  production  of 
motion  and  sound,  by  the  stylus  of  the  Bain  telegraph  instru- 
ment, without  the  intervention  of  a  magnet  and  armature.  By 
the  motion  thus  produced,  any  of  the  ordinary  forms  of  tele- 
graph printing  or  sounding  instruments  or  relays  may  be 
worked.  More  than  this,  the  apparatus  operates  in  a  highly 
cflFective  manner  under  the  weakest  electric  currents,  render- 
ing it  possible  to  receive  and  transmit  messages  by  currents 
so  weak  that  the  ordinary  magnetic  instruments  fail  to  oper- 
ate, or  even  to  give  an  indication  of  the  passage  of  electricity." 
— Electricity  and  the  Electric  Telegraph:  Prescott 

F  ALL  systems  of  telephonic  communication 
required  the  exceedingly  complex  apparatus 
described  and  illustrated  in  connection  with 
various  forms  of  switchboards,  especially  those 
employed  in  large  central  stations,  the  telephone 
would  necessarily  be  limited  in  its  use  to  cases 
where  a  great  number  of  calls  would  require  to  be 
S^itefty  made  over  a  carefully  established  line  connected 
2fa'cuS£'*^"*with  some  central  station.  Such,  however,  is  far 
from  being  the  case.  Where  it  is  necessary  to  estab- 
lish communication  between  two  ends  of  a  long  line 
so  as  to  permit  conversation  to  be  carried  on  be- 
tween two  people  only  at  its  opposite  ends,  very  sim- 
ple arrangements  will  suffice.  A  line  wire  can  read- 
ily be  run  for  temporary  use  by  laying  an  insulated 
wire  directly  on  the  surface  of  the  ground.  Indeed, 
for  short  distances,  where  a  fairly  strong  battery 
is  employed,  the  bare  wire  itself  may  be  laid  on  the 
surface  of  the  ground,  although,  of  course,  such  a 
method  would  be  extremely  undesirable,  and  is  not 
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to  be  recommended.  As  an  instance  of  telephone 
circuits  being  established  through  conductors  not 
erected  for  the  purpose,  we  may  cite  the  practice 
common  in  some  parts  of  the  West,  where  the  long 
lines  of  wire  fences  are  employed  for  telephone  cir- 
cuits, the  ground  being  used  as  the  return. 

Sometimes,  in  military  operations,  the  use  of  the 
telei^one  over  temporary  circuits  is  desirable.  Of 
course,  as  a  rule,  important  orders  would  never  be 
delivered  over  a  telephone  wire,  no  matter  how  care- 
fully such  wire  had  been  erected,  or  what  precautions 
were  taken  to  enstffe  privacy  and  secrecy  in  the  de-  S^^'oS? 
spatch.  Fatal  blunders,  that  have  occurred  from^^^^ 
misapprdiension  of  orders,  have  led  to  an  inflexible  "■"*• 
rule,  in  the  British  and  some  other  armies,  of  never 
sending  important  orders  except  in  writing.  Still, 
cases  noay  arise  where  a  telephone  communication 
temporarily  established  may  afford  considerable  as- 
sistance in  disclosing  the  position  and  the  move- 
ments of  the  enemy.  This  would  occur  especially  in 
the  case  of  a  balloon  reconnoissance,  where  a  light 
insulated  wire,  containing  a  metallic  circuit,  may  be 
dropped  to  the  ground,  in  order  to  ensure  ready 
communication  between  an  observer  in  liie  balloon 
and  a  correspondent  on  the  ground. 

Another  use  of  the  telephone  in  military  service 
has  been  made  in  the  German  army,  in  rifle  prac- 
tice.    In  order  to  give  the  soldiers  practice  which 
shall  as  nearly  as  possible  represent  what  might  smpioT- 
occur  during  a  real  battle,  the  targets  at  which  the  t^hooe 
men  fire  are  made  to  appear  and  disappear  at  ir-i^cucc 
regular  intervals.     In  order  to  permit  the  command- 
ing ofiBcer  to  determine  both  the  positions  and  times 
of  the  appearances  and  disappearances,  it  is  neces- 
sary to  enable  him  readily  to  communicate  with  the 
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men  operating  the  signals.  After  employing  dif- 
ferent methods,  it  has  been  found  in  practice  that 
the  telephone  affords  the  readiest  and  surest  means 
of  communication. 

The  circuit  required  for  the  above  purpose  is 
readily  established  as  follows:  A  cable,  500  metres 
in  length,  consisting  of  a  pair  of  insulated  metallic 
wires,  is  wound  around  a  hollow  cylinder,  sufficiently 
large  inside  to  hold  the  transmitting  and  receiving 
Sf  u^g    telephone.    The  line  is  rapidly  laid  as  follows :  The 
ieiSph5S7  stations  having  been  selected,  one  man  takes  the 
**  *•        telephone  out  of  the  cylinder  and  attaches  it  to  one 
end  of  the  cable.    Two  other  men  then  take  hold  of 
the  reel  and  march  quickly  toward  the  other  station. 
This  being  reached,  they  either  connect  their  end  of 
the  wire  with  the  other  telephone  taken  from  the  hol- 
low cylinder,  or  with  the  end  of  a  second  cable.  This 
method  permits  the  telephone  line  to  be  laid  as  rap- 
idly as  a  soldier  can  march  on  a  double-quick. 

The  wonderful  sensitiveness  of  the  telephone  re- 
ceiver, to  which  reference  has  already  been  made, 
uie  of  tei-  leads  to  its  use  in  a  variety  of  apparatus  as  a  means 
JJ^vSs"  for  detecting  the  presence  of  very  feeble  electric 
M^d^  currents.  It  is  for  this  reason  that  the  ordinary  re- 
teiegraphy.  reiving  telephone  is  frequently  employed  as  the  most 
delicate  receiver  in  systems  of  wireless  telegraphy. 

Another  use  of  the  telephone  receiver  as  a  delicate 
means  for  detecting  feeble  currents  has  been  made 
Hughes  by  Prof.  Hughes,  in  a  piece  of  apparatus  he  calls  an 
bauukce.  iuductiou  balance.  This  instrument  was  devised  by 
Hughes,  whose  name  has  already  been  referred  to 
in  connection  with  the  microphone,  for  the  purpose 
of  detecting  the  presence  of  metallic  substances  by 
the  aid  of  induced  electric  currents.     The  general 
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arrangement  of  the  apparatus  is  shown  in  Fig.  74. 
Four  bobbins,  A,  B,  C,  and  D,  are  wound  with 
about  300  feet  each  of  No.  32  copper  wire  (A.  W.  G.)' 
and  the  coils  connected,  so  as  to  form  the  two  cir- 
cuits represented.  A  and  B  are  included  in  the  circuit 
of  a  voltaic  battery,  and  C  and  D  in  the  circuit  of  a 
receiving  telephone.  In  each  case  the  distance  be- 
tween A  and  B  is  too  far  to  permit  any  mutual 
induction  to  take  place  between  them.  The  same  is 
true  as  regards  the  distance  between  C  and  D.  The 
coils  are  then  placed  in  the  i)osition  indicated  in  the 


Fio.  74. — Hughes  Induction  Balance. 


figure,  so  that  C  and  D  are  directly  above  the  coils 
A  and  B  respectively.  The  coimection  between  the 
coils  is  so  made  that  the  direction  of  the  induction 
of  A  on  C  is  opposite  to  that  of  B  on  D. 

Under  these  circumstances,  the  coils  A  and  B  act 
as  primaries  to  the  coils  C  and  D.  A  suitable  in- 
terrupter I  being  included  in  the  circuit  of  the  bat-  w5^**' 
tery  and  the  coils  A  and  B,  on  the  rapid  making  and  '*****■• 
breaking  of  the  circuit  a  noise  will  be  heard  in  the 
telephone,  but  this  can  be  caused  to  disappear  by  so 
adjusting  the  coils  that  the  opposing  secondary  coils 
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produce  but  little  noise,  as  can  be  readily  done  by 
adjusting  a  single  pair  of  coils. 

If  now,  under  these  circumstances,  a  small  mass 
of  metal,  such  as  a  coin,  be  interposed  between  either 
C  and  A,  or  D  and  B,  or  even  if  placed  above  one  of 
the  coils,  as,  for  example,  at  ^d,  the  balance  will  be 
disturbed,  and  sound  will  again  be  heard  in  the  tele- 
phone.   This  disturbance  in  the  balance  is  due  to  the 
production  of  eddy  currents  in  the  mass  of  the  coin. 
If,  however,  precisely  similar  metallic  pieces  be  placed 
in  similar  positions  between  A  and  C,  and  B  and  D, 
no  sound  is  heard.    The  wonderful  sensitiveness  of 
the  induction  balance  is  seen  in  the  fact  that  the 
S*th?*^^     slightest  difference  either  in  the  composition,  size,  or 
£a2Sf^°    position  of  the  coins  will  disturb  the  balance.    For 
example,  suppose  two  perfectly  good  and  similar 
coins  be  so  placed  between  A  and  C,  and  B  and  D, 
respectively,  that  no  sound  can  be  detected  in  the 
telephone.    If  now  one  of  the  coins  be  replaced  by  a 
spurious  coin,  so  closely  resembling  the  good  coin 
in  size  and  general  appearance  that  the  eye  can  not 
detect  any  difference,  a  noise  will  instantly  be  heard 
in  the  telephone.     Even  such  slight  differences  as 
would  be  produced  by  hammering  are  at  once  de- 
tected, as  are  also  such  a  slight  decrease  in  the 
weight  of  a  good  gold  coin  as  would  result  from 
its  being  clipped,  that  is,  a  coin  from  which  a  small 
quantity  of  gold  has  been  unlawfully  removed.  Sim- 
ilarly, a  sweated  gold  coin,  that  is,  a  gold  coin  which 
has  been  employed  as  a  soluble  anode  of  a  plating 
bath,  although  only  an  exceedingly  small  quantity 
of  the  precious  metal  may  have  been  removed,  can 
be  detected. 

Huehes  A  similar  form  of  apparatus,  called  the  audiom- 

audometcr  ^^^^  was  also  devised  by  Hughes,  for  the  purpose 
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of  determining  the  delicacy  of  hearing  of  different 
individuals. 

The  submarine  finder,  designed  for  locating  the 
position  of  metallic  substances,  such  as  torpedoes  cooBtmc. 
and  other  similar  bodies,  in  deep  water,  is  con- SpJrlSSn 
structed  on  practically  the  same  principles.    A  form  m^^ 
of  submarine  finder  is  shown  in  Fig.  75.     Here^^*'* 
P,  P',  are  coils  of  insulated  wire,  inserted  in  a  pri- 
mary circuit  containing  a  battery,  B,  and  an  inter- 
rupter, I.    S  and  S'  are  secondary  coils  inserted  in 


FzGk  75.-^Subiiiariiie  Finder  for  Locating  Position  of  Torpedo.  Note 
the  resemblances  between  both  the  positions  and  the  functions  of  the 
coils  P,  S,  and  P',  S',  and  the  coils  A,  C,  and  B,  D,  of  Fisr.  n. 

the  circuit  of  a  telephone,  T.  When  interrupted 
currents  are  sent  through  the  primary  circuit,  the 
currents  induced  in  the  coils  S,  S',-  neutralize  each 
other  by  reason  of  their  equal  and  opposite  influence 
on  the  telephone.  If,  however,  the  instrument  be 
lowered  in  the  water,  so  that  the  coils  P',  S',  are 
brought  near  a  metallic  mass,  such  as  a  torpedo,  then 
sotmds  will  be  heard  in  the  telephone,  at  first  faint, 
but  stronger  and  stronger  as  the  finder  approaches 
the  submerged  mass  of  metaL 
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No  little  difference  of  opinion  exists  among  scien- 
tific men-  as  to  exactly  what  takes  place  in  the  dia- 
phragm of  the  receiving  telephone  when  it  is  in 
action.     Where  such  diaphragms  are  made  of  thin 
sheet  metal,  there  is  no  doubt  that  actual  vibrations 
or  to-and-fro  movements  occur  that  correspond  to 
te?^/i»     ^^  sound  waves  spoken  against  the  diaphragm  of 
m2cSS?    ^^  transmitter.    Indeed,  no  matter  how  thick  such 
°honr       diaphragms  may  be,  a  to-and-fro  movement  of  some 
dUphnnn.  ^^"^  ^^  Certainly  caused  under  the  influence  of  the 
changes  that  occur  in  the  magnetism  of  the  oppos- 
ing magnet  pole.     But  receivers  have  been  success- 
fully made  in  which  the  thickness  of  the  diaphragm 
was  so  great  that  it  would  seem  impossible  to  be- 
lieve that  it  vibrated  as  a  whole,  and  that,  therefore, 
in  such  cases,  instead  of  a  mass  movement  of  the 
diaphragm  occurring — ^the  diaphragm  swinging  to- 
and-fro  like  a  drumhead — its  to-and-fro  movements 
were  produced  by  the  motions  of  its  molecules. 
Hughes  made  an  extended  series  of  observations 
on  the  action  that  occurs  in  carbon  microphonic 
contacts,  to  determine  whether  or  not  the  differences 
in  the  resistance  of  the  circuit  were  due  to  the  mass 
movements  of  the  carbon  pieces,  or  to  their  mo- 
SvortSi   Iccular  movements.     As  a  result  of  these  investi- 
Smreof    gations,  he  expresses  his  belief  that,  in  the  case  of 
S?eph"n2'  a  particular  microphone  transmitter,  consisting  of  a 
duphrmgms  {^^  blocks  of  carbon  placed  vertically  over  one  an- 
other, and  subjected  to  different  pressures,  the  whole 
block  of  carbon  increases  and  decreases  in  size  from 
the  result  of  the  movements  of  its  molecules.     He 
asks  how  this  increase  in  molecular  size  can  result 
from  the  action  of  the  sound  waves,  and  he  answers 
this  question  as  f oUov/s : 

"This  may  happen  in  two  ways :  first,  by  increased 
pressure  on  the  upper  surface,  due  to  its  enlarge- 
ment; or,  second,  the  molecules  themselves,  finding 
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a  certain  resistance  opposed  to  their  upward  move- 
ment, spread  themselves,  making  innumerable  fresh 
points  of  contact.  Thus  an  undulatory  current 
would  appear  to  be  produced  by  infinite  change  in  StS?"©?" 
the  number  of  fresh  contacts.  I  am  inclined  to  be-  dlS5lSS« 
lieve  that  both  actions  occur ;  but  the  latter  seems  to  ■'®^**"* 
me  the  true  explanation ;  for  if  the  first  were  alone 
true,  we  should  have  a  far  greater  effect  from  metal 
powder,  carbon,  or  some  elastic  conductor,  such  as 
metallized  silk,  than  from  gold  or  other  hard  unoxi- 
dizable  matter ;  but  as  the  best  results  as  r^ards  the 
human  voice  were  obtained  from  two  surfaces  of 
solid  gold,  I  am  inclined  to  view  with  more  favor  the 
idea  that  an  infinite  variety  of  fresh  contacts  brought 
into  play  by  the  molecular  pressure  affords  the  true 
explanation.  It  has  the  advantage  of  being  sup- 
ported by  the  numerous  forms  of  microphone  I  have 
constructed,  in  all  of  which  I  can  fully  trace  the 
effect. 

"I  have  been  very  much  struck  by  the  great  me- 
chanical force  exerted  by  this  uprising  of  the  mole- 
cules under  sonorous  vibrations.  With  vibrations 
from  a  musical  box  two  feet  in  length,  I  found  that 

Marked 

one  ounce  of  lead  was  not  sufficient  on  a  surface  of  energy  of 
contact  one  centimetre  square  to  maintain  constant  wbnuioaL 
contact;  and  it  was  only  by  removing  the  musical 
box  to  a  distance  of  several  feet  that  I  was  enabled 
to  preserve  continuity  of  current  with  a  moderate 
pressure.  I  have  spoken  to  forty  microphones  at 
once,  and  they  all  seemed  to  respond  with  equal 
force.  Of  course,  there  must  be  a  loss  of  energy  in 
the  conversion  of  molecular  vibrations  into  electri- 
cal waves ;  but  it  is  so  small  that  I  have  never  been 
able  to  measure  it  with  the  simple  appliances  at  my 
disposal.  I  have  examined  every  portion  of  my 
room — ^wood,  stone,  metal,  in  fact  all  parts — and 
even  a  piece  of  india-rubber:  all  were  in  molecular 
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movement  whenever  I  spoke.  As  yet  I  have  found 
no  such  insulator  fw  sound  as  gutta-pendia  is  for 
ekctridty.  Caoutchouc  seems  to  be  tfie  best ;  but  I 
have  never  been  able  by  the  use  of  any  amount  at 
my  disposal  to  prevent  the  microi^one  reporting  all 
it  heard." 

Ader'i  This  same  question  respecting  the  character  of  the 

STidif*"  movements  of  the  diaphragm  of  the  receiving  tele- 
•^""^       phone  instrument  has  been  invest^ated  by  Ader. 


Fia  76.— 

This  gentleman  constructed  a  receiving  telephone 
with  which  he  was  able  to  recdve  intelligible  speech, 
althou^  the  telephone  receiver  was  provided  with 
no  part  that  could  property  be  regarded  as  a  mem- 
brane. The  instrument  Ader  constructed  for  this 
purpose  is  represented  in  Fig.  y6.  Here  an  iron 
wire,  E,  surrounded  by  a  coil  of  insulated  wire,  S, 
wound  on  a  quill,  F,  has  its  lower  end  soldered  to 
a  heavy  piece  of  copper,  K.  The  upper  end  of  the 
wire  passes  through  a  thick  wooden  board,  B,  and 
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is  bent  at  e,  as  shown.  The  ends  of  the  coil  of  in- 
sulated wire  are  connected  with  the  binding  posts  P 
and  P'.  Words  spoken  into  the  transmitter  can  be 
distinctly  heard  by  placing  the  ear  near  e.  Here 
there  is  no  membrane,  and  the  only  conceivable  way 
to  account  for  the  iron  wire  impressing  on  the  air 
surrounding  it  the  speech  uttered  into  the  transmit- 
ting instrument  is  by  changes  in  its  size,  due  to 
molecular  movements. 

Referring  again  to  the  fact  that  marked  changes 
of  temperature  occur  between  the  points  of  contact 
of  a  microphonic  transmitter,  it  is  of  course  possible 
that  the  action  of  such  differences  of  temperature  is  Poewbte 
to  produce  a  series  of  local  expansions  and  contrac-  J3^the°p*gc 
tions  that  follow  one  another  in  accordance  with  the SSeAdSr 
variations  in  the  strength  of  the  current  passing.  In  ^***p****"** 
the  case  of  the  Ader  membraneless  telephone  just 
described,  the  expansion  of  the  whole  mass  of  the 
iron  wire  may  be  due  to  such  local  expansions  and 
contractions.  There  would  appear  to  be  but  little 
doU|bt,  however,  that  another  explanation  may  be 
that  changes  occur  in  the  length  of  the  wire,  due 
to  its  magnetizations  and  demagnetizations.  It  is 
well  known  that  such  changes  of  length  actually 
take  place,  and  Page,  as  already  mentioned,  has 
called  attention  to  the  faint  sounds  that  are  heard  in 
a  metallic  wire  when  it  is  rapidly  magnetized  and 
demagnetized.  It  is  interesting,  however,  to  note, 
in  this  connection,  that  if  the  true  action  of  the  mi- 
crophonic transmitter  be  due  to  local  expansions  and 
contractions,  such  a  transmitter  should  be  reversible, 
that  is,  should  be  able  to  act  as  a  receiver.  Hughes 
has,  in  point  of  fact,  succeeded  in  making  a  mi- 
crophonic transmitter  so  act  as  a  receiving  telephone. 

In  the  form  of  a  transmitter  shown  in  Fig.  yy^ 
constructed  by  Dunand,  we  have  a  carbon  micro- 
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phone  transmitter,  that  is  also  o^ble  of  acting  as 
a  receiver  and  thus  reproducing  speech.  This  instru- 
ment consists,  as  shown,  of  two  thin  ircm  plates,' 
A  and  A',  supported  by  a  wooden  ring,  so  as  to  iacm  ^ 
a  hollow  box.  Inside  this  box  are  placed  two  car- 
bon disks,  B,  B,  with  a  conically  shaped  piece  of 
carbon  placed  between  them.    The  premier  adjust- 


Pto.  77. — Dnnind  Carbon  Micrapbonie  ConUct  Tdqihone  RecciTcr. 

ment  of  the  carbon  contacts  is  ensured  by  turning  a 
torsion  screw,  E,  placed  in  connection  with  a  metal- 
lie  wire,  wrapped  around  the  conical  piece  of  carbon. 

Moncel,  in  his  book  on  "The  Telephone,  Micro- 
phone and  Phonograph,"  thus  refers  to  his  own 
opinion  and  to  the  opinion  expressed  by  Prof. 
Fleeming  Jenkin,  as  to  the  true  nature  of  the  action 
of  microphonic  contacts: 

"Mr.  Fleeming  Jenkin  writes  to  this  effect  in  the 
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new  edition  of  a  treatise  on  electricity  and  mag- 
netism. He  observes  that  a  singular  fact  has  been 
discovered  by  several  persons,  who  have  ascertained 
that  not  merely  non-magnetic  and  non-conducting 
bodies  can  be  substituted  for  the  diaphragm  of 
receiving  telephones,  but  that  they  will  att  without 
a  diaphragm  at  all.  In  this  case  it  is  evident  thatpte^!^ 
we  have  to  do  with  the  sounds  discovered  by  Page,  tffSSiS 
and  that  they  are  produced  by  the  magnet  itself,  in  ^^TdiA- 
which  each  molecular  movement  constitutes  the'^'**"*^ 
source  of  the  sound  produced.  This  sound  becomes 
articulate  as  soon  as  its  increase  and  decrease  can 
follow  the  increasing  or  decreasing  action  of  the 
voice  which  produces  it  at  the  sending-station.  It 
is  certain  that  when  the  transmitted  currents  are 
due  to  the  action  of  the  Bell  diaphragm,  the  sounds 
due  to  the  Page  effects  ought  to  correspond  with 
those  which  would  be  given  by  iron  diaphragms 
adapted  to  the  receiving  instruments ;  so  that,  when 
a  telephone  has  an  iron  diaphragm,  there  are,  in  fact, 
two  voices,  that  of  the  diaphragm,  which  is  strong, 
and  that  of  the  magnet,  which  is  weak.  When  a 
disk  of  wood  is  substituted  for  one  of  iron,  it  acts 
as  a  sotmding-board  for  the  Page  effect,  and  when 
the  disk  is  of  metal,  induction  is  developed  by  the 
magnetic  modifications,  and  tends  to  produce  vibra- 
tion, thus  developing  a  third  source  of  sound,  which 
may  be  called  the  Ampere  effect.  Finally,  a  fourth 
source  of  sound  may  result  from  the  induced  effects 
produced  in  the  wire  itself  in  consequence  of  changes 
in  the  intensity  of  current.  These  sounds,  first  ob- 
served by  M.  de  la  Rive,  have  since  been  studied  by 
Mr.  Fergusson,  of  Edinburgh. 

"Mr.  Fleeming  Jenkin's  opinion  only  differs  from  whe«in 
mine  in  his  ascribing  the  energy  of  sound  acquired  fenai"*** 
by  a  telephone  with  an  iron  diaphragm  to  the  pre-  ^^^^' 
ponderance  of  sounds  in  the  latter,  whereas  I  con- 
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sider  it  to  be  chiefly  due  to  tiie  increase  of  energy  in 
the  whole  magnetic  system  produced  by  the  reac- 
tion of  the  two  magnetic  parts  on  eadi  other.  If 
the  two  effects  coald  be  taken  singly,  it  is  probable 
that  the  sounds  produced  by  each  of  them  separatdy 
would  be  Similfu',  since  in  m^^netic  effects  the  re- 
action and  action  are  equal.  But  as  they  are  ct»n- 
bined,  it  becomes  difficult  to  assign  to  eadi  the  f^re 
which  belongs  to  it  in  the  general  dfect  observed. 
Besides,  it  is  quite  possiWe  that  the  sounds  of  the 
diaphragm  may  appear  to  be  stronger  and  more  dis- 
tinct, because  it  is  nearer  to  the  ear  than  the  magnet> 


Fio.   78.— Preect's    Thermo-lelephone.      Noli 
heated  ■tretched  ptalinam  win  with  the  mitallic  ditphrasin  M  ooe  cud 
thrvngh  the  sround  4iid  (be  buiecy  ind  tclepbone  to  the  other  cod. 

and  because  the  effects  of  magnetization  and  demag- 
netization are  then  more  easily  produced  in  conse- 
quence of  the  mass  of  the  magnetic  body  being 
smaller." 

A  very  curious  form  of  telephone  called  the 
thermo-telephone,  and  capable  of  acting  either  as  a 
transmitter  or  a  receiver,  is  shown  in  Fig.  78.  'K 
stout  piece  of  mahogany.  A,  serves  as  a  base  for  the 
sui^rt  of  an  upright,  holding  a  disk,  D,  of  thin 
sheet  iron.  A  platinum  wire,  pp,  attached  to  the 
centre  of  the  iron  disk,  is  connected  to  a  post,  C,  that 


an  induction  coil.    The  battery  produced  a  current  gi?^" 
strength  sufficiently  great  to  raise  the  temperature  J^JoiS 
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is  capable  of  sliding  to-and-fro,  and  being  fixed  at  a 
distance  from  D,  so  as  to  obtain  a  proper  tension  of 
the  platinum  wire.  The  ends  of  this  wire  are  con- 
nected with  the  circuit  of  a  battery,  B,  and  a  mi- 
crophone transmitter,  M.  On  speaking  into  the 
microphone  transmitter,  variations  are  produced  in 
the  current  strength,  which,  passing  through  the 
stretched  platinum  wire,  result  in  its  alternate  ex- 
pansions and  contractions,  with  consequent  to-and-fro 
movements  of  the  diaphragm  D.  One  listening  at 
D  can,  therefore,  hear  what  has  been  spoken  into  M. 

The  tightly  stretched  wire  is  capable  of  being  em- 
ployed as  a  transmitter.  This  has  been  done  by 
Prof.  Forbes,  who  inserted  a  fine  platinum  wire  in 
the  circuit  of  a  storage  battery  and  the  primary  of  profeaaor 

es's 

a- 

lie 

of  the  platinum  wire  to  incandescence.  On  speak- *"°*™"*' 
ing  in  the  neighborhood  of  this  wire,  the  sound 
waves  rapidly  passing  across  it  in  quick  succession 
altered  its  electric  resistance,  and  so  produced 
changes  in  the  current  strength.  These  changes 
caused  corresponding  changes  in  the  secondary  cir- 
cuit, and  so  reproduced  in  the  receiving  telephone 
placed  in  such  circuit  whatever  had  been  spoken  in 
the  neighborhood  of  the  glowing  wire. 

Preece  has  produced  the  modified  form  of  receiv- 
ing thermophone  shown  in  Fig.  79,  where  a  plati- 
num wire  is  wound  in  the  form  of  a  close  spiral,  and 
suspended  from  a  cork  inside  a  hollow  glass  tube. 
Any  suitable  form  of  microphone  transmitter  is  em-  form  of 
ployed  in  connection  with  this  receiver.  On  speak-  ph^neT 
ing  into  the  transmitter,  the  currents  are  modified  by 
the  speaker's  voice  in  the  usual  manner.  These 
currents,  passing  through  the  coil  of  platinum  wire, 
produce  expansions  and  contractions,  which  cause 

Vol,  111.-9 
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the  air  in  the  tube  to  vibrate  in  accordance  with  the 
movements  of  the  transmitter.  Consequently,  one 
listening  at  the  tube  can  hear  what  is  sptJcen.  The 
sounds,  however,  are  faint,  thoi^h  distinct 


Pin.  79.— Modified  f 

As  we  have  already  pointed  out,  differences  of 
potential,  and,  consequently,  electric  currents  called 
Duphngm  diaphragm  currents,  are  produced  when  liquids  are 
ciurenu.  (qj-j.^^  [jy  pressure  through  porous  diaphragms,  or 
through  capillary  tubes  generally.  The  converse  of 
this  is  also  true.  If  differences  of  electric  pressure 
or  potential  be  applied  to  liquids  in  capillary  tubes, 


Flo.  80. — Bceguefi  Electro-capilbry  Telepbone.  Note  the  ■null 
quantitiea  of  air  that  >re  contained  between  the  raembranei  ind  the 
upper  aurfaces  of  the  mercur]'  in  the  glaw  tube*  T  and  Ti. 

they  will  cause  the  movements  of  the  liquids  through 

2^;^''   such  tubes.     Breguet  has  ingeniously  applied  these 

wSpbMc.  principles  to  the  construction  of  an  electro-capillary 

telephone.     This  instrument  consists  of  two  glass 

tubes,  T,  Ti,  Fig.  80,  nearly  filled  with  mercury, 


TELLING   HIGH   FURNACE  TEMPERATURES  BY   ELECTRIC   PYROMETER 

I  In  ilie  lube  of  the  Morse  Tbermo-Gifc,  ibovn, 
Wben   l[    bccomci    the   eiict   color    or   itae   furnace,  ibe 
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whose  lower  esctremities  are  drawn  out  in  capillary 
points,  and  are  plunged  into  two  vessels,  V,  Vj,  con- 
taining mercury,  M,  M^,  on  the  surface  of  which  is 
acidulated  watdr.  A,  A^.    The  quantity  of  mercury 
in  the  vessels  M,  M^,  is  such  that  the  ends  of  the 
capillary  tubes  come  near,  but  do  not  quite  dip  into, 
the  mercury  surface.    Small  platinum  wires,  P,  Pj, 
and  Q,  Qi,  connect  the  mass  of  mercury  in  the  twoS'^SSS 
vessels  and  the  two  tubes  respectively.    While  these  mS!?"Sot8 
wires  are  connected  the  level  of  the  mercury  is  the  Sfcre^ 
same  in  each  tube;  but,  if  the  wires  are  discon- ~*'*"^* 
nected,  and  a  battery  is  placed  in  the  circuit  of  either 
tube,  a  difference  will  take  place  in  its  level,  that 
will  depend  on  the  value  of  the  difference  of  poten- 
tial produced  by  the  battery.    But  this  apparatus  is 
reversible.     If,  in  any  way,  a  difference  of  level 
is  produced  at  either  S  or  Si,  so  that  the  mercury 
is  caused  to  move  in  the  tube,  an  E.M.F.  and  current 
will  be  thereby  produced. 

Suppose  now,  membranes,  B,  Bi,  be  stretched 
across  the  tops  of  the  tubes  T  and  Tj,  thus  enclose 
ing  a  small  mass  of  air  between  the  membrane  and 
the  tops  of  the  tubes  at  S  and  Si,  that  the  circuit 
wires  be  closed,  and  that  one  speaks  in  the  neighbor-  Move- 
hood  of  either  of  such  membranes.     The  sound  ?f*die 
waves,  causing  this  membrane  to  vibrate,  will  cause  ^^^ 
the  air  below  it  to  enter  into  vibration,  and  thusSuFc^cet 
produce  movements  in  the  mercury  column.    These  ^  ^*^^ 
movements  will  produce  differences  of  potential, 
and,   consequently,   electric  currents.     These  cur- 
rents, entering  the  other  instrument,  will  produce 
similar  movements  in  its  column  of  mercury,  to- 
gether with  corresponding  movements  in  its  dia- 
phragm.    Consequently,  whatever  is  spoken  in  the 
neighborhood  of  one  membrane  can  be  heard  in  the 
other. 
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When  a  metallic  plate  is  moved  toward  or  from  a 

charged  electrophorus,  a  change  will  be  effected  in 

^S5Sr     th^  distribution  of  its  charge.    If  two  such  electro- 
teiephooe.  pj^Q^j^  J)  ^^  Q^  pjg^  gj^  ^re  placcd  at  the  ends  of 

a  conducting  h*ne,  and  a  grounded  metallic  dia- 
phragm is  placed  at  B  and  A,  near,  but  not  in  contact 
with,D  and  C,as  shown,  then  we  will  have  a  form  of 


QB 


Fig.  8i. — Electrophonxs  Telephone. 


electrophorus  telephone.  If  one  speaks  into  the 
mouthpiece  at  B,  its  metallic  diaphragm,  being  caused 
to  move  to-and-fro,  will  produce  distur|bances  in  the 
charges  on  both  D  and  C,  that  will  cause  correspond- 
ing movements  of  the  diaphragm  at  A.  Consider, 
for  example,  a  movement  of  B  toward  D.  A  greater 
charge  will  accumulate  at  the  surface  of  D  nearest 

B,  thus  decreasing  the  charge  of  C,  and  permitting 
the  elasticity  of  its  diaphragm  to  move  it  away  from 

C.  If,  on  the  contrary,  B  moves  away  from  D,  its 
charge  decreases,  and  a  greater  charge  accumulates 
on  C,  thus  attracting  the  metallic  diaphragm  to- 
ward it.  In  this  manner,  the  to-and-fro  movements 
of  B  produce  similar  movements  in  A,  so  that  what- 
ever is  spoken  into  B  will  be  repeated  in  A, 


1 

Fig.  82. — Dry-pile  Telephone 


A  similar  form  of  dry-pile  telephone  is  shown 

teiJpKok  *^  F^ff-  82.  Here  a  De  Luc  dry  pile,  A,  of  20,000 

pairs  has  a  grounded  metallic  diaphragm  placed 
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Opposite  one  of  its  poles.  Its  other  pole  is  con- 
nected, by  means  of  a  conducting  line,  to  one  of  the 
poles  of  a  similar  dry  pile,  B,  that  has  its  other  pole 
placed  opposite  a  similar  metallic  diaphragm,  also 
grounded.  Anything  spoken  into  either  diaphragm 
will  produce  disturbances  in  the  charges  that  will 
enable  the  speech  at  one  diaphragm  to  be  heard  at 
the  other  diaphragm. 

It  is  currently  reported,  although  we  will  not 
vouch  for  the  accuracy  of  the  statement,  that  Mr. 
Edison  was  at  one  time  threatened  with  the  loss  of 
several  of  his  telegraphic  patents  by  a  rival  com-Ediaon 
pany,  who  fondly  believed  it  had  obtained  what  was  S'S^ent. 
practically  a  broad  patent  on  the  use  of  the  electro- 
magnet for  certain  tel^japhic  apparatus.  Edison 
thereupon  set  for  himself  the  task  of  producing  some 
mechanism  operated  by  an  electric  current,  that 
would  be  able  to  move  the  levers  of  telegraphic  ap- 
paratus in  a  manner  similar  to  the  to-and-fro  move- 
ments produced  by  the  electro-magnet,  and  the  ac- 
tion of  an  opposing  spring.  After  trjring  various 
plans,  Edison  finally  evolved  a  principle  which  is 
embodied  in  a  form  of  apparatus  called  by  him  the 
electro-motograph. 

The  electro-motograph  depends  for  its  operation 
on  the  fact  that  the  friction  of  a  platinum  point 
against  a  rotating  cylinder  of  moistened  chalk  is  de- 
creased by  the  passage  of  an  electric  current.  TheEdiron's 
cause  of  this  decrease  in  the  friction  is  due  to  elec-  moto^pb 
trolysis.  Its  operation  will  be  understood  from  an 
examination  of  Fig.  83,  where  a  lever,  A,  pivoted 
at  C,  is  furnished  with  a  platintmi  point,  F,  resting 
on  a  strip  of  moistened  paper,  and  held  against  it 
with  some  pressure  through  the  action  of  a  spring 
fiiaced  at  S.  The  metallic  drum  on  which  the  paper 
rests  is  rotated  by  clock-work.    The  tendency  of  the 
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paper  to  be  carried  forward  in  the  direction  in  which 
the  drum  is  moving  is  opposed  by  the  action  of  a 
SSSsS'  spring,  R.  A  main  battery,  L,  has  its  n^jative  ter- 
lo^^^^  minal  connected  with  the  platinum  point  F,  and  its 
positive  terminal  with  the  metallic  drum  G,  through 
the  telegraphic  key  K.  A  local  battery,  LB,  is 
connected  with  a  telegraphic  sounding  instrument 
through  contacts  at  D  and  E. 


Action  of 


Fia  83.— Edison's  Electro-motograph.     Note  the  means  by  which  the 

slipping  of  the  contact  F  is  ensured. 

Suppose  now  the  key  K  is  open,  and  that  the  fric- 
tion of  the  platinum  point  F  is  sufficient  to  move 
the  lever  A,  with  the  drum  to  the  right,  thus  closing 
thedSctJo-  the  circuit  of  LB.  When,  now,  the  key,  K,  closes 
motogimph  ^^  circuit,  the  current  from  the  main  battery,  L, 
passes  through  the  paper  and  produces  an  electrol- 
ysis of  the  chemical  salt  with  which  the  paper  is 
moistened.  This  decreases  the  friction  and  permits 
the  spring,  R,  to  draw  the  lever  to  the  left,  thus 
qpening  the  circuit  of  the  battery.  Since  the  tele- 
graphic sounder  is  included  in  the  circuit  of  LB, 
these  two  movements  of  the  telegraphic  key,  K,  will 
have  resulted  in  the  movement  of  the  striking  lever 
of  the  telegraphic  sounder. 
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Edison  has  constructed  a  loud-speaking  telephone 
on  the  principle  of  the  electro-motograph.  The  gen- 
eral arrangement  of  this  apparatus  is  shown  in  Fig.  SuS?"'* 
84.  Here  the  carbon  transmitter,  S,  is  placed  inSi^'iI?£. 
the  circuit  of  the  primary  of  an  induction  coil,  I, 
and  the  battery  B.  The  secondary  of  this  coil  has 
one  terminal  connected  with  the  earth,  E,  and  the 


^m^^^mmm 


Ume-wlrt 


Fio.  84. — Edison's  Loud-speaking  Telephone. 


Other  terminal  connected  with  a  spring,  G,  that  is 
firmly  attached  to  a  mica  plate,  p.  The  cylinder  on 
which  the  spring,  G,  rests  is  connected  with  the 
earth,  E.  A  telephone  so  constructed  reproduces 
sounds  with  great  clearness  and  strength,  so  that 
they  can  be  heard  in  different  parts  of  a  large  a^ 
sembly  room. 


186  ELEGTRICnT  IN  EVER7-DAY  LIFE 


CHAPTER   XI 

THE    PHONOGRAPH,    THE  MICRO-PHONOGRAPH,    AND 

THE    PHOTOPHONE 

"Science  surpasses  the  old  miracles  of  mythology." — Emerson 

T  may  seem  curious  that,  in  a  portion  of  a  book 
devoted  to  the  electric  telephone,  we  should  find 
it  necessary  to  give  a  description  of  the  opera- 
tion of  the  talking  phonograph,  an  instrument  that 
has  nothing  necessarily  electric  about  it;  and  yet 
Why  a       there  are  excellent  reasons  for  so  doing.    In  the  first 
fi^rthe  place,  the  manner  in  which  the  diaphragm  of  the 
gmhls     talking    phonograph    repeats    whatever    has    been 
tea bSk    spoken  into  the  recording  instrument  is  exactly  sim- 
^(^fap-  ilar,  so  far  as  the  movements  of  the  diaphragm  are 
phancet.     QQucemed,  to  that  in  the  case  of  the  receiver  in  the 
telephone.    It  is  true,  however,  that  it  is  quite  dif- 
ferent as  regards  the  manner  in  which  the  record  on 
the  phonograph  cylinder  or  rtletallic  sheet  imparts 
what  has  been  impressed  on  it  to  the  receiving  dia- 
phragm.   The  phonograph  is  an  entirely  mechanical 
appliance,  while  the  telephone  is  either  an  electro- 
magnetic or  an  electro-static  appliance.    But,  in  the 
second  place,  there  have  been  some  very  curious 
combinations  of  telephonic  and  phonographic  instru- 
ments, so  that  it  is  necessary  to  imderstand  the 
phonograph  in  order  to  be  able  to  imderstand  any 
electric  instrument  in  which  the  phonograph,  or  the 
principles  involved  in  its  operation,  form  an  essen- 
tial part. 

The  operation  of  the  phonograph  is  exceedingly 
simple.     A  speaker  talks  against  an  elastic  dia- 
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phragm  of  thin  sheet  iron  or  other  metal,  and  causes 
it  to  move  to-and-fro  as  in  the  telephone.  Instead, 
however,  of  these  to-and-fro  movements  expendit^ 
their  energy  either  in  varying  the  electric  resistance 
of  the  contact  points  in  the  microphonic  transmitter, 
or  of  driving  a  small  dynamo  in  the  magneto-trans- 
mitter, they  are  caused  to  cut  into  or  indent  a  sur- 
face of  tin-foil  or  wax  on  a  plate  or  cylinder. 

The  device  employed  by  Edison  in  his  early  form 
of  instrument  is  shown  in  Fig,  85,  where  a  mouth-  ^jt'J^r 
piece,  M,  is  seen  mounted  on  a  stand  directly  in  front  ?J,p^^°* 
of  a  metallic  cylinder,  C,  in  such  a  position  that  a 


Fio.  Ss. — Editoa't  PhanogiBph.     This  U  the  euiy  farm  of  this  Tiln- 


metallic  point,  firmly  attached  to  the  centre  of  the 
diaphragm,  presses  against  the  surface  of  the  tin- 
foil or  wax.  If  now,  while  a  person  is  speaking  into 
the  mouthpiece,  the  cylinder  is  slowly  rotated  by  the 
movement  of  a  crank  at  W,  as  the  diaphragm  moves 
to-and-fro  under  the  influence  of  the  sound  waves, 
a  metallic  point  connected  with  it  will  indent  the 
surface  of  the  cylinder,  thus  drawing  a  long,  sinuous 
line,  on  which  the  to-and-fro  movements  of  the  dia- 
phragm are  correctly  repeated  by  hills  and  hollows 
produced  as  the  cutting  tool  makes  indentations  of 
varying  depth,  corresponding  to  the  extent  of  the 
to-and-fro  movements  of  the  diaphragm. 
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In  order  to  cause  the  phonograph  record  so  ob- 
tained to  reproduce  the  speech  or  other  sounds  that 
have  been  impressed  on  the  transmitting  diaphragm, 
phSn<?*    the  phonograph  record  is  placed  on  the  surface  of 
record  re-  another  Cylinder  precisely  similar  to  that  on  which 
^SeciT'    *^  w^  produced,  or  it  may  be  kept  on  the  same  sur- 
face, and  the  tracing-point  brought  back  to  the  posi- 
tion it  had  when  it  started  to  indent  the  surface  of 
the  record.    If  now  this  point  be  placed  in  the  sinu- 
ous line,  and  pressed  against  it  with  proper  force, 
as  the  cylinder  is  rotated,  the  point  will  be  caused 
to  pass  over  the  record  line,  and  to  follow  all  the 
indentations  that  have  been  produced  in  it.    As  it  is 
Why  the     thus  movcd  Up  and  down  the  hills  and  hollows  of  the 
Pji^p^dia.  record  surface,  the  diaphragm  to  which  it  is  at- 
p^SSJw*"  tached  will  be  caused  to  move  to-and-fro  in  move- 
tpeech.      ixients  that  are  similar  to  those  which  impressed  the 
record.     Consequently,  the  diaphragm  will  repro- 
duce all  the  sounds  that  were  originally  spoken  into 
it.    In  other  words,  the  diaphragm  will  reproduce  all 
the  sounds  and  words  that  made  the  record. 

By  means  of  this  remarkable  instrument,  a  per- 
manent record  may  be  obtained  of  the  voice  of  any 
person,  and  preserved  for  an  indefinite  period  of 
time,  being  reproduced  as  often  as  may  be  desired. 
5^5"  In  a  properly  constructed  and  operated  instrument, 
the  quality  of  the  voice,  or  the  property  which  enables 
us  to  distinguish  one  voice  from  another,  may  be 
reproduced  with  sufficient  distinctness  to  enable 
voices  of  different  people  to  be  readily  recc^^nized. 

When  the  phonograph  was  first  invented,  it  quite 
naturally  produced  considerable  astonishment,  and 
a  great  future  was  confidently  predicted  for  it.  As- 
suming the  possibility  of  obtaining  an  exact  repro- 
duction of  the  quality  of  the  voice,  of  producing  in- 
destructible records,  and  of  employing  a  standard 
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pitch  for  the  screw  of  the  phonograph  cylinder,  and 
a  uniform  speed  at  which  it  should  always  be  ro- 
tated, it  was  predicted  that  correspondence  would,  in 
the  then  near  future,  be  carried  on  by  means  of 
phonographic  records,  that  wills  would  be  made  in 
which  the  intentions  of  the  deceased  would  be  de- 
clared to  the  assembled  heirs,  not  by  a  paper  read 
by  a  lawyer,  but  in  the  reproduced  spoken  words  of 
the  deceased.  It  was  predicted  that  there  would  be 
galleries  in  which  pictures  or  statues  of  the  world's 
departed  great  would  be  replaced  by  phonograph 
records;  that  great  writers  might  be  made  actually 
to  convey  their  thoughts  by  the  spoken  words  in- 
stead of  by  the  printed  page ;  that  the  speeches  of  the  p^^!^ 
world's  great  orators  and  the  sweet  strains  of  itSgtiJh.;*^ 
greatest  singers  would  be  reproduced  at  will  at  any  fJSrc 
time  in  the  future.  Some  of  these  predictions  have 
been  fulfilled,  and  some  have  not.  It  is  not  true  that 
the  phonograph  can  so  successfully  reproduce  the 
human  voice  as' to  enable  it  to  be  recognized  beyond 
doubt,  since  the  very  fact  that  the  metallic  point 
connected  with  the  reproducing  diaphragm  is 
obliged  to  move  in  frictional  contact  with  the  rec- 
ord, introduces  in  all  cases  sounds  that  are  absent 
in  the  human  voice.  Moreover,  a  difficulty  is  ex- 
perienced in  correctly  reproducing  those  overtones, 
the  presence  of  which  is  necessary  in  order  to  obtain 
the  exact  quality  of  the  voice.  For  this  and  for  other 
reasons  some  of  the  predictions  before  referred  to 
have  failed  of  realization. 

Edison  has  greatly  improved  his  phonograph.  In 
the  first  place,  he  has  substituted  a  cylinder  of  hard- 
ened wax  for  the  sheet  of  tin-foil,  and,  in  order  to 
ensure  a  greater  regularity  in  the  rate  of  motion  of 
the  cylinder,  he  has  added  an  electric  motor  for 
driving  it.     The  improved  form  of  instrument  is 


graph. 
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shown  in  Fig.  86.  Here  the  recording  diaphragm 
is  made  of  malleable  glass.  A  mouthpiece  is  at- 
tached to  a  flexible  tube  connected  with  the  dia- 
f^2d  phragm,  for  convenience  in  speaking  or  singing 
in  recording  the  voice.  The  recording  diaphragm 
is  distinct  from  the  receiving  diaphragm.  Either 
can  replace  the  other  by  the  simple  rotation  of  a 
metallic  arm  on  which  both  diaphragms  are  sup- 
ported. 


Various  devices  have  been  proposed  for  increas- 
ing the  delicacy  of  the  phonographic  records,  so  as 
to  enable  them  more  nearly  to  reproduce  the  quality 
of  the  human  voice.  One  of  the  most  remarkable 
of  these  improvements  is  embodied  in  an  instrument 
invented  by  a  Danish  electrical  engineer,  Waldemar  . 
Poulson,  of  Copenhagen.  Here  both  the  making  of  ' 
the  record  and  the  reproduction  of  the  speech  by 
the  record  are  obtained  by  means  of  electricity  and 
magnetism,  so  that,  in  point  of  fact,  the  phonograph' 
is  now  replaced  by  a  telephone  transmitter  and  a 
dynamo-electric  generator,  in  a  manna-  that  we  will 
now  describe. 
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Various  names  have  been  given  to  Poulson's  'in- 
strument.    It  has  been  styled  the  tele-phonograph,  T|,e 
the    micro-phonograph,    the    magneto-phonograph,  "h^ 
and  the  tele-graphophone.     The  general  name  ap-'"^'^ 


FiO.  ij, — Poulson's  Sletl  Wire  Micro-phonogriph, 

plied  to  it  in  this  country  is  the  micro-phonograph. 
The  record  material  consists  of  a  length  of  hard- 
ened steel  piano  wire,  about  i^  of  an  inch  in  diam- 
eter. This  wire  is  wound  wi  the  surface  of  a 
cylinder  about  a  foot  in  length,  arranged  as  shown 
in  Fig.  87.    A  tiny  electro-magnet  is  placed  so  that 
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its  Opposite  poles  embrace  the  wire  in  the  manner  how  th. 
shown  at  B,  Fig.  88.  As  this  drum  or  cylinder  isSS?Si!i 
revolved  by  the  action  of  an  electric  motor,  the  mag-  pi.'oSJIf"' 
net  is  caused  to  move  over  the  entire  length  of  the  «""*■ 
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wire,  from  right  to  left,  and  so  to  travel  from  one 
end  of  the  cylinder  to  the  other.  In  this  manner  the 
magnet  poles  pass  above  the  entire  length  of  the 
wire  wound  on  the  drum,  this  length  consisting  of 
about  225  turns  of  wire,  the  magnet  requiring  about 
thirty-nine  seconds  to  move  over  the  entire  length  of 
the  wire. 

So  much  for  the  movement  of  the  record  wire. 
Now  let  us  investigate  the  manner  in  which  the 
voice,  as  in  speaking  or  singing,  is  enabled  to  im- 
press its  record  on  the  wire.    The  insulated  coils  of 
miS^    wire  on  the  recording  electro-magnet  are  placed  in 
gS^ph"       the  circuit  of  an  ordinary  carbon  telephone  transmit- 
fm^r'^ild   ter  and  a  couple  of  cells  of  a  voltaic  battery.    Gen- 
stlifmicro-  erally  an  induction  coil  is  employed  in  the  transmit- 
g»ph"wire.  ting  instrument  in  the  usual  manner,  in  which  case 
its  secondary  is  connected  with  the  coils  of  the 
recording  magnet,  while  a  carbon   transmitter  is 
included  in  the  circuit  of  a  small  battery  and  the 
primary  of  the  induction  coil.    On  speaking  into  the 
transmitter,  variations  in  the  resistance  of  the  car- 
bon contact  points  produce  corresponding  varia- 
tions  in  the  current  strength  passing,  and  these 
variations,  passing  through  the  coils  of  the  electro- 
magnet, magnetize  the  steel  wire  as  it  passes  between 
the  magnet  poles.    Of  course  this  magnetization  of 
the  steel  wire  takes  place  transversely  to  the  axis 
of  the  wire.    There  will  thus  be  left  in  the  steel  wire 
an  invisible  but  permanent  record  of  the  variations 
in  the  magnetic  intensity  that  have  been  impressed 
on  the  record  magnets  by  the  influence  of  the  sound 
waves  on  the  transmitting  diaphragm. 

The  record  being  made,  let  us  see  how  it  is  caused 
to  reproduce  the  soimd  by  means  of  the  invisible  rec- 
ords left  by  the  recording  magnets.     Placing  the 
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record  magnet  at  the  beginning  of  the  record  on  the 
wire,  and  placing  its  coils  in  the  circuit  of  an  ordi- 
nary Bell  receiving  telephone,  the  cylinder  is  again 
caused  to  revolve  by  the  action  of  the  electric  motor. 
The  magnetized  steel  wire,  taken  in  connection  with 
the  coils  of  wire  on  the  poles  of  the  electro-magnet, 
constitute  a  dynamo-electric  generator,  and  as  theSSiSUd 
magnetized  steel  wire  is  passed  between  these  poles  ^  IT**^ 
it  will  cause  magnetic  flux  to  alternately  fill  and^SSiJ^ 
empty  the  coils  of  wire  on  the  magnet  with  magnetic  iS^JSJS?* 
flux,  thus  producing  E.M.F/s,  and,  consequently, 
currents  that  will  correspond  exactly  in  strength, 
direction  and  sequence  to  the  current  that,  passing 
through  the  magnetizing  poles  of  the  recording 
magnet,   left   their   impress   on   the   record   wire. 
These  currents,  passing  through  the  coils  of  wire 
on  the  Bell  receiving  telephone,  will,  therefore,  pro- 
duce movements  in  its  diaphragm  which  will  repro- 
duce all  the  speech  or  musical  notes  originally  ut- 
tered and  impressed  on  the  transmitting  diaphragm. 

It  has  been  found  in  practice  that,  in  order  to  per- 
mit the  electro-magnets  to  respond  with  sufficient 
rapidity  to  variations  produced  in  the  transmitter 
by  the  sound  waves,  it  is  necessary  to  employ  two 
separate  electro-magnets  electrically  connected,  as^on"**^ 
shown  at  C,  in  Fig.  88.    An  electro-magnet,  wound  SSS?s^. 
in  the  regular  manner,  as  shown  at  B,  in  the  same  thVp^tono- 
figure,  has  been  found  to  be  too  slow  in  its  action  to  *^^^ 
ensure  the  best  results.     This  beautiful  apparatus 
performs  its  work  in  an  exceeding^ly  efficient  man- 
ner.   The  quality  of  the  spoken  voice  is  reproduced 
with  a  clearness  that  is  unknown  in  the  phonograph ; 
for  the  scratching  sounds  before  referred  to  are 
avoided,  and  the  micro-phonographic  record  is  able 
to  produce  overtones  in  a  manner  far  superior  to 
that  of  the  phonograph.    Moreover,  this  instrument 
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is  far  more  sensitive  than  the  phonograph,  since  it 
will  readily  record  sounds  of  all  characters,  even, 
for  example,  such  as  breathing  and  whispering, 
which,  as  is  well  known,  are  very  difficult  to  prop- 
erly record  in  the  ordinary  phonogra()h. 

An  improved  form  of  micro-phonc^raph  is  rep- 
resented in  Fig.  89,  where  two  separate  reels  are 
employed,  on  which  a  band  of  steel  riljbon,  A  of 
an  inch  wide  and  about  A  of  an  inch  thick,  is  em- 


Fio.  8s».— B»nd  Micro-phonograph. 

ployed.  The  ribbon  can  readily  be  made  in  any 
desired  length,  so  as  to  enable  it  to  record  ccHitinu- 
ously  spoken  language  for  an  hour  or  longer.  It 
has  been  found  for  recording  on  ribbon  that  the  form 
of  electro-magnet  shown  at  D,  in  the  preceding  fig- 
ure,  is  preferable.  As  regards  the  permanency  of 
the  records,  it  is  claimed  that  the  record  wires  or 
ribbons  can  be  wound  on  a  spool,  with  the  layers 
of  the  ribbon  one  over  the  other,  without  injury, 
and  that  such  a  record  ribbon  has  been  used  for 
2,200  times  without  exhibiting  any  signs  of  dete- 
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horaticxa.     When  it  is  desired  to  obliterate  the 
record,  it  is  only  necessary  to  transmit  a  constant  obutenu 
magnetizing'  current  through  the  coils  of  the  record-  {bird's. 
ing  magnet,  and  move  the  steel  wire  or  ribjbon  under- 
neath such  magnet    The  same  can  be  done  by  the 
action  of  a  permanent  magnet. 

As  to  the  future  possibilities  of  this  wonderful 
instrument,  it  is  easy  to  see  that  these  are  many  and 
great.  One  suggestion — indeed,  it  has  gone  further 
than  a  mere  suggestion,  having  been  carried  into 
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Fig.  90.— The  Talking  Newspaper.     Note  the  arrangements  to  ensure 
the  proper  workmg  of  this  application  of  the  micro-pho&ograph. 

actual  practice  in  Europe — ^is  a  device  that  we  fear 
may  tend  to  a  marked  increase  in  the  slothf  ulness 
of  the  rising  generation.  We  refer  to  the  plan  of 
the  talking  newspaper,  that  is,  a  newspaper  which  2^1^^ 
is  capable  of  reading  itself,  and  only  requiring  the 
attention  of  the  person  to  what  it  says,  so  that  it 
would  be  possible  for  one  to  lie  in  bed,  with  the  re- 
ceiving instrument  at  his  ear,  and  listen  to  the  news 
whenever  he  might  desire  to  do  so.  In  this  very 
ingenious  invention  an  endless  steel  ribbon  is  em- 
ployed, whose  record  ribbon  consists  of  a  steel  band, 
that  passes  from  one  reel  to  another  in  the  direction 
indicated  by  the  arrows,  Fig.  9a    Recording  tele- 
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phones  are  attached  to  a  number  of  magnets  placed 
so  that  the  record  ribbon  passes  before  their  poles. 
After  the  ribbon  has  passed  these  magnets,  it  may, 
if  so  desired,  have  all  its  records  obliterated  by 
an  obliterating  magnet,  while,  at  the  same  time, 
additional  news  concerning  prices  of  stock,  war, 
and  items  of  interest  generally,  are  recorded  afresh 
on  the  moving  band  through  the  transmitting  tele- 
phone represented  in  the  figure. 

But  there  is  a  still  more  wonderful  instrument, 
whose  operation  depends  generally  on  the  principles 
of  the  telephone,  that  is  yet  to  be  described.  This 
TS»tel?»  ^^  ^^^  photophone,  an  apparatus  by  means  of  which 
photophoneit  is  possiblc  to  talk  aloug  a  ray  of  light.  Instead 
of  stretching  a  conducting  wire  between  the  trans- 
mitting and  the  receiving  stations,  it  is  only  neces- 
sary to  flash  a  beam  of  light  between  them,  and  so 
influence  this  beam,  by  means  of  a  transmitting  in- 
strument at  one  end,  as  to  cause  it  to  affect  the  re- 
ceiving instrument  at  the  other  end.  This  invention 
was  made  by  Bell  and  Tainter.  It  depends  for  its 
operation  on  the  fact  we  have  already  referred  to, 
that,  under  certain  circumstances,  the  electric  re- 
sistance of  selenium  is  considerably  changed  by  the 
action  of  light  falling  on  its  surface. 

The  transmitting  instrument  of  the  photophone 
consists  of  a  suitably  supported  thin  plate  of  sil- 
Actionof  vered  glass  or  mica,  L,  Fig.  91,  which  acts  as  a 
[SSSiUj;  mirror  or  reflector,  and  is  suitably  supported  and 
provided  with  a  mouthpiece,  E.  A  beam  of  light 
from  any  powerful  source,  such,  for  example,  as  an 
arc  light,  or  still  better,  light  from  the  sun,  is  al- 
lowed to  fall  on  the  reflecting  diaphragm,  being  con- 
centrated on  its  surface  by  a  lens,  A.  The  rays  of 
light,  after  their  reflection  from  the  mirror  at  L,  are 
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again  made  parallel  by  a  passage  through  a  second 
lens,  B.  On  speaking  into  the  transmitting  dia- 
phragm at  A,  the  mirror  is  moved  rapidly  to-and- 
fro,  a  change  of  shape  being  produced  by  these 
movements,  so  that  there  will  be  thereby  occasioned 
a  scattering  of  the  rays  of  light,  which  results  in  the 
amount  of  light  that  is  reflected  from  the  mirror 
being  rapidly  varied  in  accordance  with  the  sound 
waves  that  strike  the  transmitting  diaphragm. 
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Fig.  91.— Bell  and  Tainter's  Photophone.  Note  how  the  penon 
speaking  at  E  modifies  the  rays  of  light  and  the  manner  in  which  these 
rays  are  afterward  caused  to  fall  on  the  selenium  cell  at  S. 

Coming  now  to  the  receiving  station,  we  find  here 
a  parabolic  mirror,  M,  which  receives  the  parallel  rays 
of  varying  intensity,  and  reflects  them  on  to  the 
surface  of  a  selenium  cell,  S,  whose  terminals  aretiSIUid 
included  in  the  circuit  of  the  receiving  telephone,  T,  of^oto 

phone 

and  the  voltaic  battery,  P.    This  selenium  cell  con-  receiver, 
sists  practically  of  an  extended  surface  of  selenium, 
placed  between  two  parallel  metallic  plates.    In  or- 
der to  concentrate  the  selenium  cell  in  a  small  space, 
a  series  of  brass  disks,  separated  by  disks  of  mica, 
of  somewhat  smaller  diameter  than  the  brass  disks, 
is  employed,  the  whole  taking  the  shape  of  a  pile, 
as  shown  at  S,  in  the  figure,  so  that  the  surface  of 
the  cylinder  has  the  appearance  of  being  deeply 
grooved.     The  brass   disks   are  connected   alter- ^^^^^ 
nately  in  two  series,  like  the  opposite  coatings  of  a  Jg^iSim 
Leyden  jar,  and  melted  selenium  is  poured  in  be-ce^*- 
tween  the  brass  plates.    When  a  beam  of  light  falls 
on  such  a  selenium  cell,  it  causes  its  resistance  to 
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greatly  vary.     Consequently,  the  varying  rays  of 
light  coming  from  L  fall  on  the  surface  of  S,  so 
that  the  resistance  of  the  recdving  tdephone  varies 
in  accordance  with  the  sound  waves  impinging  on 
Tnuwak-  ^'^  diaphragm  at  E.     Such  sounds  will,  therefore, 
S^oP"  ^  reproduced  in  the  receiving  diaphragm.     The 
'*'*°'*°~photophone  has   been    successfully   operated    over 
ccmiparatively  short  distances,  and  has  been  found 
to  reproduce  speech  with  great  distinctness.    A  sim- 
ilar arrangement  of  the  transmitting  and  receiving 


instruments  is  shown  in  Figs.  92  and  93,  respec- 
tively. The  operation,  however,  is  practically  the 
same  as  that  already  described. 

■  In  the  photophone  the  transmission  of  speech  and 

~J^J«*  musical  sounds  is  efifected  by  means  of  a  beam  of 
|£^ow-  light ;  hence,  the  propriety  of  the  term  photophone. 
The  name  radiophone  has  been  proposed  for  these 
instruments  by  Mercadier,  a  Frenchman,  by  reason 
of  the  curious  fact  that  was  discovered  by  Tainter 
'«nd  others,  that  huninous  rays  are  iK>t  necessary  to 
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procTuce  this  transmission,  but  that  non-luminous, 
or  heat  rays,  are  equally  able  to  transmit  speech.    In 
some  of  his  experiments,  Tainter  employed  a  resist-  Taim 
ance  composed  of  a  zigzag  line  of  soot  in  the  place  ^^ 
of  the  sdenium  cell.     This  arrangement  is  called 
a  carbon  or  soot  cell,  and  is  shown  in  Fig.  94. 


Here  a  silvered  glass  plate,  P,  has  its  silvered  surface 
removed  in  the  form  of  a  zigzag  line,  Z,Z.  This  line 
is  covered  with  soot  or  lampblack,  so  that  the  sinu- 
ous line  divides  the  surface  of  the  glass  into  two 
parts,  that  are  connected  by  means  of  separate 
clamps,  K,  K,  with  the  battery  and  the  recdving 
telephone.  When  rays  of  either  heat  or  light  are 
reflected  from  the  surface  of  a  transmitting  dia- 
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phragni  similar  to  that  shown  at  L,  Fig.  91,  and 
fall  on  the  surface  of  the  soot  cell,  variations  in  its 
resistance  are  produced,  and,  consequently,  speedi 
or  musical  sounds  are  heard  in  the  receiving  tele- 
phone. 


Fio.  94.— Carbon  o 


It  was  soon  discovered,  however,  that  the  mass 
of  carbon  or  soot,  when  under  the  influence  of  the 
rapidly  intermitting  beams  of  heat  or  light  fallii^ 
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on  ft,  emitted  distinct  sounds,  so  that  it  was  not  nec- 
essary to  employ  a  battery  and  a  telephone.  If  the 
mass  of  air  surrounding  the  soot  cell  is  confined  in 
a  hollow  space  provided  with  a  diaphragm,  all  that 
is  spoken  into  the  transmitter  can  be  distinctly  heard 
without  the  use  of  either  the  battery  or  the  receiv- 
ing  telephone.  The  property  possessed  by  certain  jSwence. 
solid  substances  of  thus  emitting  sounds  when  inter- 
mittent rays  of  light  or  heat  fall  on  their  surfaces, 
has  been  named  sonorescence.  Hard  rubber  or  vul- 
canite has  been  found  to  possess  the  property  of 
sonorescence  in  a  high  degree. 


Ill 

ELECTRIC    TELEGRAPHY 


CHAPTER  XII 


EARLY     HISTORY     OF     TELEGRAPHY 

*He  said  to  his  friend,  'If  the  British  march 
By  land  or  sea  from  the  town  to-night. 
Hang  a  lantern  aloft  in  the  belfry  arch 
Of  the  North  Church  tower,  as  a  signal  light, 
One,  if  by  land;  two,  if  by  sea.'" 

— Longfellow 


WE  have  no  positive  knowledge  as  to  just 
when  and  how  telegraphy  b^an.  Tak- 
ing the  strict  etymological  meaning  of 
the  word — i.e.,  writing  at  a  distance,  or  communi- 
f^!^^  eating  intelligence  by  means  of  audible  or  visible 
2teSric  signs — ^the  first  system  of  telegraphic  communication 
teiegiaph.  ^^^^  probably,  practiced  by  some  of  our  remote 
savage  ancestors,  who  warned  one  another  of  com- 
ing danger  by  various  calls,  that  were  able  to  pene- 
trate to  far  greater  distances  through  the  dense  for- 
ests than  could  any  visible  signals.  Indeed,  even  to 
the  present  day,  it  is  stated  that  the  African  negroes 
on  the  west  coasts  of  the  continent  employ  such  sig- 
nalling devices,  having  provided  for  themselves  an 
instrument  called  the  "Elliembic,"  a  rude  musical 
instrument,  which,  on  striking,  produces  sounds 
which  enable  the  natives  to  carry  on  conversations 
with  one  another,  though  several  miles  apart.  This 
instrument,  when  properly  used,  is  able  to  produce 
sounds  that  form  an  intelligible  language.  But  even 
if  we  knew  the  first  of  the  human  race  who  employed 

(202) 
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such  means  of  tel^^aphic  conununication,  we  could 
not  claim  for  him  entire  originality,  since  such 
methods  have  long  been  in  use  by  birds  and  other 
animals.  Ernest  Seton-Thompson,  the  lover  of 
animals,  has  even  gone  so  far  as  to  write  out  inS^m'wt. 
musical  notation  the  various  calls  of  crows  as  they 
signal  to  one  another  matters  of  coming  danger  or 
of  common  interest.  Possibly,  after  such  systems  of 
audible  telegraphy,  various  systems  of  visual  tel^- 
raphy  were  invented,  such  as  were  seen  in  the  light 
of  the  beacon  fire,  whereby  intelligence  of  various 
kinds  was  flashed  across  the  country  from  one  place' 
to  another.  Audible  telegraphy,  for  example,  has 
been  practiced,  both  with  the  fog-horn  on  the  ocean  ukgnphy. 
steamer  and  the  whistle  of  the  locomotive,  during 
foggy  weather,  by  employing  audible  signals  corre- 
sponding in  duration  and  sequence  to  the  telegraphic 
characters  of  the  Morse  alphabet.  Even  before  this, 
various  fog-horn  systems  had  been  employed  on 
all  vessels.  Visual  signals,  too,  have  been  even 
more  fully  developed  in  what  are  generally  known 
as  various  systems  of  semaphoric  signalling.  Such  ph^c 
signals  consist  generally  in  signalling  by  means  of  *°*^^' 
visual  signs,  such  as  flags,  or  other  recognizable 
movable  objects  by  day,  or  lanterns  by  night. 

One  of  the  first  completed  systems  of  semaphoric 
td^raphy  dates  back  as  far  as  1684;  viz.,  that  of 
Locke,  who  devised  a  system  of  wooden  blocks  of  Locke's 


various  shapes,  sufficiently  large  to  be  seen  at  aphoric 
distance.  By  arranging  these  blocks  in  various  ways 
to  indicate  the  letters  of  the  alphabet,  he  was  en- 
abled to  communicate,  between  distant  stations,  in- 
telligence of  various  characters,  by  spelling  out  the 
informatioa  which  it  was  desired  to  transmit. 

It  was  just  one  hundred  years  later,  when  a 

Vol  ni.-iQ 
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Frenchman,  by  the  name  of  Claude  Chappe,  was 
a    student    at    the    College    of    Anglers,    France. 
Chappe,  who  was  forbidden  by  the  strict  rules  of  the 
chapJe^J    school  to  communicate  freely  with  his  brother  in 
riSSSitog*  ^  neighboring  college — which,  although  situated  at 
•ystem.      some  distauce,  yet  was  visible— devised,  in  connec- 
tion with  his  brother,  a  system  of  semaphoric  sig- 
nalling, by  which,  through  the  movements  of  a 
pivoted  arm,  they  were  able  to  indicate  various  let- 
ters of  the  alphabet  by  pointing  the  arm  in  dif- 
ferent directions.     Subsequently,  they  increased  the 
number  of  these  visual  signals  by  the  addition  of 
small  movable  beams,  attached  to  the  end  of  the 
main  beam.    At  the  end  of  their  college  life  they  had 
devised  some  192  distinct  and  separate  signals.    Ap- 
paratus thus  begun,  as  a  means  of  recreation  to 
while  away  the  tedious  hours  of  school  life,  was, 
after  the  completion  of  their  college  life,  adopted 
by  the  French  Government,  and  constituted  the  be- 
AdoptedbT  ginning  of  a  system  of  semaphoric  signalling  that, 
G^veS?    before  the  introduction  of  the  simpler  method  of 
dectro-magnetic  signalling,  extended  over  a  large 
part  of  the  civilized  world.    One  of  the  Chappy 
•  brothers   afterward   became   the   chief   telegraphic 
engineer    for  the    French    Government,    and    the 
semaphoric  system  of  telegraphic  communication 
was  rapidly  ejctended  along  a  greater  part  of  the 
French  coasts. 

The  Chappe  semaphoric  tel^fraph  was  improved 
by  an  Englishman  named  Murray,  in  1795,  and  was 
adopted  by  the  English  Government  in  1816.  Con- 
tinued improvements  were  made  in  the  semaphoric 
telegraph  until  1832,  when  the  distinct  signals 
capable  of  being  thus  transmitted  had  reached  the 
number  of  4,096.  The  system  of  semaphoric  com- 
munication was  adopted  by  the  Prussian  Govern- 


ment. 
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ment  m  1832,  and  was  subsequently  employed  in 
the  Empire  of  Russia.  Here  remains  of  the  expen- 
sive signal  towers  can  still  be  seen  along  the  lines 
of  the  government  dectric  td^raph,  whidi  has  re- 
placed the  semaphoric  system. 

The  thoughts  of  ingenious  men  from  very  early 
times  have  been  directed  to  devising  systems  where- 
by early  information  shall  be  obtained  of  passing  S|^ 
events.     Consequently,  we  find  in  early  literature  of^SSSJ 
various  suggestions  as  to  how  intdligence  might  •^***^ 
be  readily  communicated  between  distant  points. 
One  of  these,  made  by  Strada,  dates  back  as  far  as 
1615,  and  is  thus  described  in  an  old  book : 

^'Strada's  fancy  was  this.  There  is,  he  supposes, 
a  species  of  lodestone  which  possesses  such  virtue 
that  if  two  needles  be  touched  with  it,  and  then  bal- 
anced on  separate  pivots,  and  the  one  be  turned  in 
a  particular  direction,  the  other  will  sympathetically  uSs^^ 
move  parallel  to  it.  He  then  directs  each  of  these 
needles  to  be  poised  and  mounted  on  a  dial  having 
the  letters  of  the  alphabet  arranged  round  it  Ac- 
cordingly, if  one  person  has  one  of  the  dials,  and 
another  the  other,  by  a  little  prearrangement  as  to 
details,  a  correspondence  can  be  maintained  between 
them  at  any  distance  by  simply  pointing  the  needles 
to  the  letters  of  the  required  words." 

As  soon  as  it  was  discovered  that  an  electric  dis- 
charge could  be  rapidly  transmitted  throt^h  con- 
ducting bodies,  efforts  were  made  to  employ  dec- 
tricity  for  the  communication  of  intelligence.  Va- 
rious systems  of  electric  telegraphs  were  suggested. 
The  first  of  these  were  operated  by  electric  dis- 
charges, and  afterward  by  dectro-magnetism.  It 
win  be  interesting  to  rapidly  review  some  of  the 
more  important  of  these  early  efforts  in  electric 
tdegraphy. 
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In  1727,  Stephen  Gray,  to  whom  we  have  al- 
ready referred  in  connection  with  frictional  elec- 
tricity, succeeded  in  passing  an  electric  discharge 
Gray»s  through  a  wire  some  700  feet  in  length,  suspended 
teiSSph.  ^^  ^^  2Lir  by  means  of  silk  threads.  In  operating  this 
first  electric  tel^japh,  Gray  held  an  excited  glass 
tube  to  one  end  of  the  line,  when  an  observer  at  the 
other  end  noted  its  effect  in  attracting  a  pith-ball 
electroscope. 

In  1747,  Dr.  Watson,  Bishop  of  Landaff,  em- 
ployed the  discharge  from  a  Leyden  jar  for  produc- 
ing electric  effects  at  the  end  of  a  suitably  insulated 
metallic  conductor.  In  some  experiments,  he  suc- 
dertri?'  ceeded  in  passing  the  discharge  of  a  Lqrden  jar 
telegraph,  through  a  circuit  four  miles  in  length,  and  called 
attention  to  the  fact  that  the  discharge  required 
no  appreciable  time  to  pass  over  this  distance. 
During  the  same  year,  Watson  erected  a  tele- 
graph line  that  extended  from  the  rooms  of  the 
Royal  Society  in  LondcMi,  over  the  chimney  tops. 
This  line  was  formed  of  a  single  wire,  the  ground 
being  employed  for  the  return  circuit.  As  in  Wat- 
son's former  experiments,  the  charge  of  a  Leyden 
jar  was  employed  for  operating  the  signals. 

In  1748,  Franklin  stretched  a  metallic  wire  across 
ISStS*"  the  Schuylkill  River  at  Philadelphia,  emplo)ring  the 
SStrtl*^  earth  for  the  return  circuit.  By  means  of  this  wire, 
*^*"^'***the  he  succeeded  in  igniting  some  alcohol  in  a  plate  by 

the  discharge  of  a  Leyden  jar  on  the  opposite  side 

of  the  river. 


SchujrlkiU. 


While  it  is  true  that  none  of  these  experiments 

^^abte    can  be  regarded  as  anything  more  than  mere  sug- 

^tilV^     gestions,  yet  they  soon  bore  fruit.    Intelligent  men 

in  different  parts  of  the  world  were  not  backward 
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in  proposing  plans  by  means  of  which  communica- 
tion might  be  established  by  electric  discharges.  Of 
these  suggestions,  however,  we  will  mention  but 
one;  viz.,  that  made  to  the  Editor  of  "Scott's  Maga- 
zine," in  1753,  by  a  correspondent  who  signed  him- 
self C.  M. : 

**Renfbew,  Feb,  i,  1753. 

"Sir — It  is  well  known  to  all  who  are  conversant 
in  electrical  experiments,  that  the  electric  power  may 
be  propagated  along  a  small  wire^  from  one  place  Hefi^^ph- 
to  another,  without  being  sensibly  abated  by  the*^^"*** 
length  of  its  progress.     Let,  then,  a  set  of  wires, 
equal  in  number  to  the  letters  of  the  alphabet,  be 
extended   horizontally  between   two  given   places, 
parallel  to  one  another,  and  each  of  them  about  an 
inch  distant  from  that  next  to  it.    At  every  twenty 
yards'  end,  let  them  be  fixed  in  glass,  or  jeweller's 
cement,  to  some  firm  body,  both  to  prevent  them 
from  touching  the  earth  or  any  other  non-electric, 
and  from  breaking  by  their  own  gravity.     Let  the 
electric  gun-barrel  be  placed  at  right  angles  with 
the  extremities  of  the  wires,  and  about  one  inch 
below  them.    Also,  let  the  wires  be  fixed  in  a  solid 
piece  of  glass,  at  six  inches  from  the  end;  and  let  Transmit- 
that  part  of  them  which  reaches  from  the  glass  tOrSliv?ng 
the  machine  have  sufficient  spring  and  stiffness  to  *'^^'*"*"*' 
recover  its  situation  after  having  been  brought  in 
contact  with  the  barrel.     Close  by  the  supporting 
glass,  let  a  ball  be  suspended  from  every  wire;  and 
about  a  sixth  or  an  eighth  of  an  inch  below  the  balls 
place  the  letters  of  the  alphabet,  marked  on  bits  of 
paper,  or  any  other  substance  that  may  be  light 
enough  to  rise  to  the  electrified  ball ;  and  at  the  same 
time' let  it  be  so  continued  that  each  of  them  may 
reassume  its  proper  place  when  dropped.    All  things  Describes 
constructed  as  above,   and  the  minute  previously  SVans- 
fixed,   I  b^in  the  conversation  with  my  distant  SJ^e? 
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friend  in  this  manner:  Having  set  the  electrical 
machine  a-going  as  in  ordinary  experiments,  suppose 
I  am  to  pronounce  the  word  Sir:  with  a  piece  of 
glass,  or  any  other  electric  per  se,  I  strike  the  wire 
s,  so  as  to  bring  it  in  contact  with  the  barrel,  then  i, 
then  r,  all  in  the  same  way :  and  my  correspondent, 
almost  in  the  same  instant,  observes  these  several 
characters  rise  in  order  to  the  electrified  balls  at  his 
end  of  the  wires.  Thus  I  spell  away  as  long  as  I 
think  fit;  and  my  correspondent,  for  the  sake  of 
memory,  writes  the  characters  as  they  rise,  and  may 
join  and  read  them  afterward  as  often  as  he  in- 
clines. Upon  a  signal,  given,  or  from  choice,  I 
stop  the  machine ;  and  taking  up  the  pen  in  my  turn, 
I  write  down  whatever  my  friend  at  the  other  end 
strikes  out. 

*lf  anybody  should  think  this  way  tiresome,  let 
him,  instead  of  the  balls,  suspend  a  range  of  bells 
??2Siw  from  the  roof,  equal  in  number  to  the  letters  of 
Sf^chiSfc  the  alphabet,  gradually  decreasing  in  size  from  the 
of  bells,  {jgjj  A  to  Z ;  and  from  the  horizontal  wires  let  there 
be  another  set  reaching  to  the  several  bells;  one,  viz., 
from  the  horizontal  wire  A  to  the  bell  A,  another 
from  the  horizontal  wire  B  to  the  bell  B,  etc.  Then 
let  him  who  begins  the  discourse  bring  the  wires 
in  contact  with  the  barrel,  as  before ;  and  the  electric 
spark,  breaking  on  bells  of  different  size,  will  in- 
form his  correspondent  by  the  sound  what  wires 
have  been  touched :  and  thus,  by  some  practice,  they 
may  come  to  understand  the  language  of  the  chimes 
in  whole  words,  without  being  put  to  the  trouble  of 
noting  down  every  letter. 

"The  same  thing  may  be  otherwise  effected.  Let 
the  balls  be  suspended  over  the  characters  as  before, 
but  instead  of  bringing  the  ends  of  the  horizontal 
wires  in  contact  with  the  barrel,  let  a  second  set 
reach  from  the  electrified  cable,  so  as  to  be  in  con- 
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tact  with  the  horizontal  ones;  and  let  it  be  so  con- 
trived at  the  same  time,  that  any  of  them  may  be 
removed  from  its  corresponding  horizontal  by  the 
slightest  touch,  and  may  bring  itself  again  into  con- 
tact when  set  at  liberty.  This  may  be  done  by  the 
help  of  a  small  spring  and  slider,  or  twenty  other 
methods,  which  the  least  ingenuity  will  discover. 
In  this  way,  the  characters  will  always  adhere  to 
the  balls,  excepting  when  any  one  of  the  secondaries 
is  removed  from  contact  with  its  horizontal;  and 
then  the  letter  at  the  other  end  of  the  horizontal  will 
immediately  drop  from  its  ball.  But  I  mention  this 
only  by  way  of  variety. 

"Some  may,  perhaps,  think  that,  although  the 
electric  fire  has  not  been  observed  to  diminish  sen- 
sibly in  its  progress  through  any  length  of  wire  that  S^SSJSe 
has  been  tried  hitherto,  yet,  as  that  has  never  ex-.wfr«?* 
ceeded  some  thirty  or  forty  yards,  it  may  be  reason- 
ably supposed  that  in  a  far  greater  length  it  would 
be  remarkably  diminished,  and  probably  would  be 
entirely  drained  off  in  a  few  miles  by  the  surround- 
ing air.  To  prevent  the  objection,  and  save  longer 
argument,  lay  over  the  wires  from  one  end  to  the 
other  with  a  thin  coat  of  jeweller's  cement.  This 
may  be  done  for  a  trifle  of  additional  expense;  and 
as  it  is  an  electric  per  se,  will  effectually  secure  any 
part  of  the  fire  from  mixing  with  the  atmosphere. 

"I  am,  etc.,  C.  M." 

The  first  actual  working  telegraphic  line  was  es- 
tablished in  1 774,  at  Geneva,  by  a  Frenchman  named  Lesa^c^s 
Lesage.    Here  some  twenty-four  conducting  wires,  teiegnph. 
insulated  by  glass  tubes  buried  in  the  earth,  were 
employed.    An  ordinary  f rictional  machine  was  used 
for  exciting  the  separate  wires. 

Any   system    of   telegraphic   communication   by 
means  of  pith  balls,  such  as  that  above  described 
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by  Lesage,  would  of  course  be  open  to  the  objection 
that  some  Httle  time  would  be  necessary  for  the  pith 
balls  to  lose  their  charge.  It  is  for  this  reason  that 
Lesage  suspended  the  pith  balls  he  employed  in  his 
system  on  cotton  and  linen  threads  instead  of  on  silk 
threads.  He  also  probably  discharged  his  line  after 
the  transmission  of  each  letter  or  numeral. 

In  1 787,  Lomond  greatly  improved  Lesage's  sys- 
Lomond»8  tcm  of  telegraphic  communication  by  employing 
»Maaphoric  ^j^jy  ^  single  wire  between  stations,  and  using  a 

■^*^'  single  delicate  electroscope  at  each  end  of  the  line. 
This  he  accomplished  by  the  ingenious  idea  of  caus- 
ing the  movable  part  of  the  electroscope  to  act  as  a 
species  of  semaphoric  signal,  the  various  positions 
occupied  by  the  movable  part  representing  the  va- 
rious letters  of  the  alphabet,  and  the  numerals. 
The  following  description  of  this  instrument  is 
that  given  in  a  book  by  Young,  called  "Travels  in 
France,"  published  in  1787: 

"M.  Lomond  has  made  a  remarkable  discovery  in 

electricity.     You  write  two  or  three  words  on  a 

Dctcrip-     paper;  he  takes  it  into  a  room,  and  turns  a  machine 

Lomond»9   encloscd  in  a  cylindrical  case,  at  the  top  of  which  is 

apparatus. 

an  electrometer,  a  small  fine  pith  ball ;  a  wire  con- 
nects with  a  similar  cylinder  and  electrometer  in  a 
distant  apartment;  and  his  wife,  by  remarking  the 
corresponding  motions  of  the  ball,  writes  down  the 
words  they  indicate,  from  which  it  appears  that  he 
has  formed  an  alphabet  of  motions.  As  the  length 
of  the  wire  makes  no  difference  in  the  effect,  a  cor- 
respondence might  be  carried  on  at  any  distance, 
within  or  without  a  besieged  town,  for  instance,  or 
for  objects  more  worthy  of  attention  and  a  thousand 
times  more  harmless." 

Betancourt,     ^"  ^7^7 y  Betancourt,  in  Spain,  endeavored  to  em- 
1787.        '  ploy  electricity  for  telegraphing  through  a  line  wire 
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some  26  miles  in  length  between  Madrid  and  Aran- 
juez.    Ley  den- jar  discharges  were  emp'ryed. 

In  1796,  De  Salva,  another  Spanish  philosopher, 
described  before  the  Academy  of  Madrid  a  form  of 
tel^raphic  apparatus  which  he  had  invented.    The  JJ^e?*^^** 
following  description  of  this  instrument  appeared 
in  the  "Gazette  de  Madrid"  on  November  25,  1796: 

"The  Prince  de  la  Paix  having  learnt  that  M.  de 
F.  Salva  had  read  at  the  Academy  of  Sciences  a 
memoir  on  the  application  of  Electricity  to  tele- 
graphic purposes,  and  presented  at  the  same  time  an 
electric  telegraph  of  his  own  invention,  wished  to 
examine  it;  and  charmed  with  its  promptitude  andSw'Sc^'' 
the  facility  of  its  operations,  he  showed  it  after- ^^^^'''p'*' 
ward  to  the  King  and  to  the  court,  when  it  per- 
formed equally  well.  After  this  experiment,  the 
Don  Antonio  wished  to  obtain  a  more  perfect  tele- 
graph, and  undertook  a  calculation  of  the  force  of 
the  Electricity  required  to  work  a  telegraph  at  dif- 
ferent distances  under  land  and  water." 

In  1795,  Cavallo,  to  whom  reference  has  already 
been  made,  proposed  an  ingenious  system  of  teleg- 
raphy, in  which  the  letters  of  the  alphabet,  and  the  cavaiio. 
numerals,  were  represented  by  various  combina- ''^** 
tions  of  sparks  and  intervals  between  the  sparks,  ob- 
served at  one  end  of  a  line  and  produced  by  means 
of  timed  impulses  sent  over  the  line  from  the  other 
end. 

All  the  early  experiments  in  telegraphy  to  which 
we  have  referred  were  made  before  the  invention  of 
the  voltaic  battery.    As  we  can  readily  understand,  SSgiS^i": 
none  of  them  was  commercially  successful.     Not^Sc^om- 
that  they  might  have  been  carried  into  actual  prac- [JoSsri^Jvc 
tice,  but  for  the  difficulties  which  would  necessarily 
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arise  in  those  early  days  from  the  absence  of  prop- 
erly insulated  lines,  as  well  as  those  which  would 
result  from  the  difficulty  of  readily  obtaining  the 
suitable  electric  discharges  under  varying  conditions 
of  the  atmosphere,  naturally  prevented  any  of  them 
from  coming  into  extended  use.  As  soon  as  the 
invention  of  the  voltaic  battery  placed  in  the  hands 
of  scientific  men  a  reliable  electric  source,  methods 
of  tel^raphic  communication  were  proposed,  and 
actual  systems  were  produced,  capable  of  ensuring 
far  more  practicable  methods  of  telegraphic  commu- 
nication than  any  that  had  previously  been  proposed. 
One  of  the  first  of  these,  indeed  <Mie  of  the  first 
actual  working  lines  ever  produced,  was  that  de- 
Sj«^-  vised  by  Prof.  Soemering,  of  Munich,  in  1812. 
clfemtea  This,  as  will  be  noticed,  was  not  very  long  after  the 
telegraph,  invention  of  the  voltaic  cell.  Soemering's  electric 
telegraph  was  based  on  the  discovery  made  by 
Nicholson  and  Carlisle,  of  the  power  possessed  by 
the  current  of  a  voltaic  battery  to  decompose  water. 
It  was  the  first  electro-chemical  telegraph,  all  sub- 
sequent instruments  of  this  class  being  practically 
based  on  similar  principles.  Soemering's  instru- 
ment is  thus  described  by  the  inventor : 

"My  telegraph  was  constructed  and  used  in  the 
following  manner:  In  the  bottom  of  a  glass  reser- 
voir containing  acidulated  water,  AA,  Fig.  409  [our 
Fig.  95],  are  35  golden  points  or  pins  passing  up 
soemer-     through  the  bottom  of  the  glass;  each  pin  corre- 
iSnptioi  of  sponds  to  one  of  the  letters  of  the  alphabet  and 
chemf«r"  to  the  ten  numerals.    The  35  points  are  each  con- 
teiegraph.  nectcd  with  an  insulated  copper  wire  soldered  to 
them,   and   extending  to  the  distant  station  BB, 
where  they  are  soldered  to  35  brass  plates  fixed 
transversely  on  a  wooden  bar;  through  the  front  of 
each  of  the  plates  there  is  a  small  hole  for  the  re- 
ception of  two  brass  pins,  one  of  which  is  connected 
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with  the  positive  and  the  other  with  the  negative 
pole  of  a  voltaic  pile,  CC.  Each  of  the  35  plates  is 
arranged  to  correspond  with  the  arrangement  of  the 
35  gold  points  in  the  glass  reservoir,  and  are  let- 
tered accordingly.  When  thus  arranged,  the  two 
pins  from  the  column  are  held  one  in  each  hand; 
and  the  two  plates  being  selected,  the  pins  are  then 
put  into  their  holes  and  the  communication  is  estab- 
lished; gas  is  evolved  at  the  two  distant  correspond- 
ing points  in  an  instant ;  the  peg  on  the  hydrogen 
pole  evolves  hydrt^en  gas ;  and  that  on  the  oxygen 


Fio.  95. — SoemeriDS'l  ElcctTO-chonicalTclegTapb.  CoDlrast  thii  early 
fonn  of  telegraph,  with  iti  many  leparste  circuits,  with  the  limple  Morn 
appirotua  of  to-day. 

pole,  oxygen  gas.  In  this  way  every  letter  and 
numeral  may  be  indicated  at  the  pleasure  of  the 
operator." 

Another  representation  of  the  Soemering  tele- 
graph, in  which  some  of  the  details  are  more  clearly 
seen,  will  be  found  in  Fig.  96.    Here  the  keys  rep- Line  wire* 
resenting  the  different  letters  of  the  alphabet  and  ™loeniet- 
the  numerals  are  shown  at  A,  B,  C,  D — i,  2,  3,  etc.,  dSnro- 
with  the  circuit  connections  extending  to  the  dis- Eeitg^ph. 
tant  station,  where  they  terminate  in  the  voltameters 
represented  at  A,  B,  C — i,  2,  3,  etc     Soemering 
employed  35  separate  line  wires,  25  for  the  letters 
of  the  German  alphabet  and  10  for  the  numerals. 
He  employed  a  mechanical  signal  or  call-bell,  which 
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was  thrown  into  action  by  means  of  gases  that  ac- 
cumulated in  a  bell  jar,  when  liberated  by  means  of 
a  current  sent  over  the  line. 


Fio.   96.— Soemcmig'i  Ehetexteafcil  Telcsnpb. 

About  the  same  time  that  Soemering  announced 
his  invention  of  the  electro-chemical  telegraph,  Dr. 
G)xe,  of  Philadelphia,  without  any  knowledge  of 
ch^tai  Soemering's  invention,  described  a  similar  method 
LeicEnpb.  for  transmitting  intelligence.  Here  signals  were 
received  at  the  distant  end  of  the  line  either  by  the 
decomposition  of  water,  or  a  metallic  salt. 

Oersted's  discovery  of  the  production  of  mag- 
netism by  electricity  marks  a  great  era  in  the  his- 
tory of  the  telegraph.  None  of  the  many  effects 
o"i:1«™'''that  an  electric  discharge  or  current  is  capable  of 
ttiegrapE?.''producing  lends  itself  so  readily  to  the  transmis- 
sion of  telegraphic  signals  as  do  the  attractions 
and  repulsions  produced  by  electro-magnets.  The 
scientific  world  recognized  this  fact,  and  various 
propositions  to  employ  this  new  agency  were  made 
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almost  immediatdy  after  its  announcement.     Oer- 
sted was  first  in  the  field,  with  a  proposal  to  employ 
his  discovery  for  the  operation  of  an  electric  tde- 
graph.     He  was  almost  immediately  followed  by§2gf^ 
Ampere,  who,  in  a  memoir  presented  to  the  Royal  221^52  fo? 
Academy  of  Sciences  in  P^ris,  on  the  2d  of  October,  SSmSic 
1820,  disclosed  a  plan  for  an  electric  telegraph,  the*«'«8^p*^ 
operation  of  which  depended  on  the  deflections  of  a 
magnetic  needle  surrounded  by  coils  of  wire,  through 
which  the  currents  were  passed.    Neither  Oersted's 
nor  Ampere's  suggestions  appear  ever  to  have  been 
put  into  practice.     Ampere  thus  speaks  of  this  in- 
strument : 

"The  success  of  this  experiment  demonstrates  that 
by  employing  as  many  conducting  wires  and  mag- 
netic needles  as  there  are  letters,  and  by  placing  ^^p^j^,g 
each  letter  under  a  different  needle,  signals  may  bejjjgSic 
communciated  by  a  pile  placed  at  a  long  distance  tcic««p»». 
off.     The  communication  between  the  pile  and  the 
different  coils  was  to  be  opened  and  shut  by  means 
of  a  set  of  keys." 

Passing  by  a  number  of  suggestions  and  actually 
constructed  apparatus,  we  come  to  the  great  inven- 
tion of  the  electro-magnet  by  Sturgeon,  in  1825, 
and  its  subsequent  marked  improvement  by  Henry, 
already  referred  to.  This  invention  marked  another  sturgeon 
era  in  the  history  of  the  telegraph,  even  greater  than  *"'*  ^^'"^* 
that  of  Oersted's  discovery,  since  practically  all  the 
telegraphic  apparatus  of  to-day  is  based  on  the 
operation  of  electro-magnets.  Sturgeon  gave  his 
first  electro-magnet  the  form  represented  in  Fig.  97, 
where  a  core  of  soft  iron,  bent  in  the  well-known 
form  of  the  horseshoe,  is  surrounded  by  magnetiz- 
ing coils  of  insulated  wire.  Sturgeon  wound  these 
coils  in  the  same  direction  around  the  entire  core, 
so  that  the  ends  or  poles  were  of  north  and  south 
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polarity  respectively.  An  armature  of  soft  iron  was 
placed  before  the  poles.  Henry,  besides  improving 
the  construction  of  the  electro-magnet  by  employing 
the  insulated  wire  of  many  turns,  pointed  out  the 
important  fact  that  it  was  the  number  of  voltaic 
cells,  and  not  the  size  of  the  plates,  that  determined 
the  strength  of  the  electro-magnet. 
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CHAPTER   XIII 


HORSE  AND  HIS  CONTEMPORARIES 


tt 


I'll  put  a  girdle  round  the  earth 
In  forty  minutes." 
— A  Midsummer- Nighfs  Dream,  Act  II,  Scene  I 

IT  is  seldom  that  an  apparatus  comes  from  the 
brain  of  an  inventor  so  complete  in  its  details 
that  it  is  capable  of  working  on  a  commercial 
scale.    In  nearly  all  cases  it  needs  the  aid  of  many 
separate  inventors  to  supply  working  details.    ThiSwofk^ 
has  been  essentially  the  case  in  the  history  of  theSfcmS*'' 
electric  telegraph.    We  have  already  alluded  to  many  ? ^??S^o. 
of  the  able  scientific  men  who  took  their  part  in  this  ^e^dStSL 
great   invention.      We   have  shown  that   without  SilS?ph. 
Volta's  invention  of  the  battery  the  telegraph  could 
not  have  been  commercially  possible;  that  without 
the  discovery  of  Oersted  it  never  could  have  com- 
menced to  assimie  its  present  condition ;  without  the 
efficient  electro-magnets  produced  by  Sturgeon  and 
Henry  it  never  could  have  started  on  its  great  era 
of  use.     But  we  have  still  an  additional  discovery 
to  record,  without  which  the  present  high  develop- 
ment of  the  electro-magnetic  telegraph  would  have 
been  utterly  impossible.  We  allude  to  the  production 
by  Daniell  of  the  constant  voltaic  battery,  in  1836. 
Before  the  time  of  this  invention,  the  tendency  of  ofinrwSioa 
all  voltaic  batteries  to  polarize,  and  thus  rapidly  de-  voiuic  bat- 
crease  in  the  strength  of  the  current  they  produced,  ^*^' 
was  so  marked  that  even  if  satisfactory  systems  of 
telegraphy  had  been  devised,  it  would  have  been  al- 
most impossible  to  employ  them  continually  on  a 
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commercial  scale.  Telegraphic  apparatus  require 
very  delicate  adjustments,  and  if  the  current  strength 
was  constantly  varying,  these  adjustments  would 
have  been  practically  impossible. 

Inventors  were  not  slow  in  availing  themselves 

yl!imem-  ^^  ^^^  possibilities   of  the  Daniell   constant  cell. 

SSgraphy.  ^^37  was  a  year  memorable  in  the  history  of  electric 

telegraphy.     Almost  simultaneously  three  notable 

inventions  were  made;  viz.,  by  Morse  in  the  United 

States,  by  Steinheil  in  Munich,  and  by  Wheatstone 

and  Cooke  in  England.    Of  these  inventors,  Morse, 

Mojree,       in  America,  was  the  first  to  conceive  of  his  inven- 

Steinhcilf 

whjMt^^  tion,  carrying  it  back,  as  he  did,  as  far  as  1832.  It 
c«*«.  does  not  appear,  however,  that  he  actually  built  his 
working  apparatus  before  1837.  Morse's  inven- 
tion was  singularly  complete,  considering  the  early 
date  at  which  it  was  made,  and  was  in  such  a  state 
when  he  produced  his  first  working  model  that  it 
was  practically  the  same  as  the  system  of  electro- 
magnetic telegraphy  that  is  to-day  generally  em- 
ployed in  the  United  States,  as  well  as  in  many  other 
parts  of  the  world. 

Morse  made  his  great  invention  of  the  recording 
telegraph  when  forty-one  years  of  age,  during  a 
voyage  across  the  Atlantic  Ocean.  He  made  sketches 
of  his  invention  at  this  time,  which,  however,  were 
not  embodied  in  actual  working  apparatus  until  a 
later  date.  Morse  himself  in  after  years  refers  to 
these  early  notes  as  follows : 

"Before  the  end  of  the  voyage  on  the  'Sully'  the 

invention  had  the  following  attributes.    My  aim  at 

mJ^nhuti  the  outset  was  simplicity  of  means,  as  well  as  re- 

S^mSr?'  suits.    Hence,  I  devised  a  single  circuit  of  conduc- 

ISSrd?      to^'s  from  some  generator  of  electricity.    I  planned  a 

system  of  signs,  consisting  of  dots  or  points,  and 
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spaces,  to  represent  numerals,  and  two  modes  of 
causing  the  electricity  to  mark  or  imprint  these  signs 
upon  a  strip  or  ribbon  of  p2q>er.  One  was  by  chem«- 
ical  decomposition  of  a  salt  which  should  discolor 
the  paper ;  the  other  was  by  the  mechanical  action  of 
the  electro-magnet,  operating  upon  the  paper  by  a 
lever,  charged  at  one  extremity  with  a  pen  or  pencil.  ^^^ 
I  conceived  the  plan  of  moving  the  paper  ribbon  at  J^^d 
a  r^fular  rate,  by  means  of  clock-work  machinery ''*'** 
to  receive  the  signs.  These  processes,  as  well  as  the 
mathematically  calculated  signs,  devised  for  and 
adapted  to  recording,  were  sketched  in  my  sketch- 
bode.  I  also  drew  in  my  sketch-book  modes  of  in- 
terring the  conductors  in  tubes  in  the  earth,  and, 
soon  after  landing,  planned  and  drew  out  the  method 
upon  posts.  This  was  the  general  condition  of  the 
invention  (with  the  exception  of  the  plan  upon 
posts)  when  I  arrived  in  New  York,  on  the  15th  of 
November,  1832. 

"In  reflecting  on  the  operations  of  electricity  as  a 
proposed  agent  in  telegraphy,  I  was  aware  that  its 
presence  in  a  conductor  of  moderate  length  could  be 
indicated  in  several  ways.  The  physical  effects  in  a^SSJhtain 
shock;  the  visible  spark;  visible  bubbles  during  de-J^JJ^for 
composition,  and  marks  left  from  decomposition ;  its  J^J^ 
magnetic  effects  upon  soft  iron  and  steel;  and  its 
calorific  effects — ^these  were  all  well-known  phe- 
nomena. Could  any  of  these  be  made  available  for 
recording,  and  at  a  great  distance?  If  so,  which  of 
them  seemed  to  promise  the  surest  result  of  a  per- 
manent record?  Static  electricity  was  quickly  dis- 
missed as  too  uncontrollable,  and  I  directed  my  at- 
tention exclusively  to  the  phenomena  of  d3mamic 
electricity.  The  decomposition  of  a  salt  having  a 
metallic  basis  would  leave  a  mark  upon  paper  or 
cloth.  If  a  strip  of  pa^er  or  cloth  were  moistened 
with  the  salt,  and  were  then  simply  put  in  contact 
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with  a  conductor  charged  with  electricity,  would 
there  be  any  effect  upon  the  paper?  A  magnetic 
effect  is  produced  exterior  to  the  charged  conductor. 
Is  there  any  salt  or  substance  so  sensitive  as  to  be 
affected  either  by  decomposition,  or  in  any  other 
way,  by  this  magnetic  influence,  by  simple  contact 
with  an  electrically  charged  wire?  It  was  doubtful, 
but  worth  an  experiment." 

A  variety  of  circimistances  prevented  Morse  from 
constructing  his  first  rude  model  until  1835.  His 
electro-magnet  was  exceedingly  crude.  It  was  con- 
structed of  a  bent  rod  of  iron,  on  which  a  few  yards 
of  copper  wire  was  placed,  insulated  by  wrapping 
cotton  thread  around  it  by  hand.  The  different  parts 
SSS?"'  ^^  ^^  apparatus  were  supported  on  a  wooden 
Sifgraph  frame,  nailed  to  one  side  of  a  table,  as  shown  in 
Fig.  97.  Three  wooden  cylinders,  A,  B,  and  C, 
were  placed  as  shown.  A  paper  ribbon,  wound  on 
the  cylinder  A,  was  moved  by  clock-work  at  D,  so 
that  it  was  drawn  over  the  surface  of  the  large 
cylinder  B,  and  wound  on  the  surface  of  C,  The 
dectro-magnet  was  supported  on  a  shelf  or  bracket, 
h.  This  magnet  was  employed  to  move  the  marking 
or  printing  lever,  which  was  composed  of  an  A- 
shaped  pendulum,  F,  suspended,  by  its  apex  at  f, 
from  the  top  of  the  frame,  immediately  above  the 
centre  of  the  cylinder  B.  This  lever  was  constructed 
of  two  thin  rules  of  wood,  meeting  at  the  top  at  f, 
and  about  an  inch  apart  at  the  bottom,  where  they 
were  joined  by  a  transverse  bar,  placed  above  the 
surface  of  the  paper  as  it  was  moved  over  the  sur- 
face of  the  large  cylinder.  A  small  lead-pencil,  sup- 
ported in  a  tube  at  gy  was  weighted  so  that  its  point 
was  kept  in  contact  with  the  surface  of  the  paper. 
A  soft  iron  armature  was  placed  on  the  lever  di- 
rectly  opposite  the  poles   of   the  electro-magnet 
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Stops  on  the  frame  at  the  side  of  the  lever  limited 
the  distance  through  which  it  was  able  to  move. 
The  movement  of  the  lever  in  one  direction  was  ob- 
tained by  the  attraction  of  the  electro-magnet  for 
its  armature,  and  in  the  opposite  direction  by  the 
action  of  a  weight.  In  subsequent  instruments^ 
Morse  replaced  this  weight  by  a  spring. 


Fio.  97.— Mone's  Early  Telegraphic  Instnmieiit.  Note  the  exceed- 
ing crude  but  quite  efficient  structure  of  the-  first  electro-magnetic  tele- 
graphic instrument. 

The  electricity  was  obtained  from  a  single  voltaic 
cell  at  I.     The  circuit  connections  were  as  repre-„. 

«    •         1        ^  «  ,     •  .  .  First  crude 

sented  m  the  figure,  there  being  interruptions  at^icgrapwc 
mercury  cups  J  and  K.    The  circuit  was  completed 
when  a  forked  wire,  on  the  lever  O,  O,  connected 
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the  two  cups  by  being  dipped  below  the  surface 
of  the  mercury  on  the  depression  of  the  lever. 
When  the  circuit  was  thus  ccKnpleted,  the  attraction 
on  the  armature  at  h  drew  the  lever,  F,  toward  the 
magnet. 

Now  when  the  clock-work  was  put  in  motion,  the 
Operation  P^pcr  ribbon  was  drawn  over  the  surface  of  the 
ap^tus.  cylinder  B,  and  the  pencil  on  the  lever  being  main- 
tained in  contact  with  the  ribbon,  would  be  pulled  to 
one  side  of  the  paper,  tracing  the  line  over  it  on  a 
different  part  of  the  surface  than  when  the  current 
was  not  passing.  In  this  way  the  paper  would  be 
marked,  or  would  receive  a  permanent  record  on  its 
surface  of  the  impulses  that  had  been  sent  over  the 
line.  Morse  himself  describes  this  action  of  the 
pencil  as  follows : 

"The  pathway  of  the  pencil-point  (when  the  lever 
was  attracted  toward  and  held  by  the  magnet  for  a 
^SJrip!  longer  or  shorter  time,  tracing  the  lines)  contains 
rSSrtiig!  the  three  elements  of  points,  spaces,  and  lines,  form- 
ing by  their  various  combinations  the  various  con- 
ventional characters  for  numerals  and  letters.  The 
other  line,  traced  by  the  pencil  when  the  lever  is 
in  its  normal  position,  may,  therefore,  be  disre- 
garded. Only  the  variations  in  the  line  traced  by 
the  pencil  when  the  magnet  is  charged  are  of  im- 
portance.*' 

In  order  to  send  the  makes  and  breaks  into  the 
line  so  as  to  produce  the  arbitrary  telegraphic  char- 
acters, Morse  employed  the  device  represented  at 
the  bottom  of  Fig.  97.  Here  a  crank,  L,  is 
provided  for  moving  an  endless  band  or  tape.  A 
grooved  rule,  M,  arranged  so  as  to  hold  a  variety 
of  metallic  type,  was  placed  on  the  movii^  band  or 
ribbon,  to  which  it  was  fixed  by  needle-points  at- 
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tached  to  its  lower  surface.  As  this  rule  was  moved 
by  the  band,  the  message  previously  set  upon  it  by 
telegraphic  tjrpes  was  transmitted  over  the  line,  as 
follows :  As  each  projection  on  the  type  passes  under 
the  point  P,  of  the  lever  O,  O,  the  end  of  this  lever 
is  raised,  thus  completing  the  circuit  by  causing  the 
wire  to  dip  into  the  mercury  cups.  This  completion 
of  the  circuit  would,  of  course,  produce  marks  on  the 
paper.  Some  Morse  telegraphic  types,  representing 
numerals,  are  shown  in  Fig.  98,  while  below  them 
are  represented  the  marks  produced  by  the  pencil,  ^, 
on  a  band  of  paper  at  the  receiving  end  of  the  line. 

IV]  [£]  [T3  cx]  n:::  b 

-"vwrvwi/n/ — vwirw/w      ww 

4p         5      6  8     2        0  A 

Fia  98.— Morse  Telegraph  Type  and  the  Imprinting  or  Record  of  Same. 

Although  exceedingly  crude,  Morse's  early  tele-  Moneys 
graphic   recording   instrtunent   is  practically   iden- JSd  uSS"* 
tical,  so  far  as  the  principles  of  its  operation  arefdemiair. 
concerned,  with  apparatus  employed  to-day.     This 
will  be  readily  seen,  as  has  been  pointed  out  by 
Prescott,  from  an  examination  of  Fig.  99,  where 
the  pendulum  lever  of  Fig.  97  has  been  prolonged 
above  the  fulcrum,  /,  and  so  furnished  with  a  sharp 
stylus,  my  that  it  is  able  simultaneously  to  mark  the 
original  Morse  characters  on  the  paper  below  at  the 
same  time  that  it  marks  the  modern  Morse  char- 
acters on  the  paper  above. 

On  the  2d  of  September,  1837,  Morse  made  a  sue-  Morse'sex^ 
cessful  public  exhibition  of  the  apparatus  shown  in  siptemtw 
Fig.  97,  during  which    he  transmitted  characters '•  *'^7- 
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over  a  line  of  wire  one  mile  in  length.     He  after- 
ward greatly  improved  his  apparatus,  and  eventually, 
after  great  hardships  owing  to  poverty,  succeeded 
in  obtaining  from  the  Congress  of  the  United  States 
Telegraph  ^^  appropriation  for  the  establishment  of  a  tele- 
wliShmg-   ?^^P^  ^^^^  between  Washington  and  Baltimore.  The 
Bautoorc.  many  difficulties  Morse  encountered  before  he  was 
able  to  reach  this  result  are  so  instructive  that  we 


Fio.  99* — Close   Resemblance  of   Morse's  early   Recording   Instrument 

to  that  of  To-day. 

win  briefly  refer  to  some  of  them.  Owing  to  his 
great  poverty,  he  was  unable  to  have  his  first  crude 
apparatus  put  in  such  a  shape  as  would  warrant  his 
publicly  exhibiting  it.  He  refers  thus  to  these  diffi- 
culties in  a  letter  to  a  friend : 

"Up  to  the  autumn  of  1837,  ^7  telegraphic  appa- 
ratus existed  in  so  rude  a  form  that  I  felt  reluctance 
i^°«hii3f  *^  '^^ve  it  seen.     My  means  were  very  limited,  so 
JjJiSS^.  limited  as  to  preclude  the  possibility  of  constructing 
an  apparatus  of  such  mechanical  finish  as  to  war- 
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rant  my  sucxess  in  venturing  upon  its  public  exhibi- 
tion. I  had  no  wish  to  expose  to  ridicule  the  repre- 
sentative of  so  many  hours  of  laborious  thought. 
Prior  to  the  summer  of  1837,  ^tt  which  time  Mr. 
Alfred  Vail's  attention  became  attracted  to  my  tele- 
graph, I  depended  upon  my  pencil  for  subsistence. 
Indeed,  so  straitened  were  my  circumstances  that  in 
order  to  save  time  to  carry  out  my  invention,  and  to 
economize  my  scanty  means,  I  had  for  months  lodged 
and  eaten  in  my  studio,  procuring  my  food  in  small 
quantities  from  some  grocery,  and  preparing  it  my- 
self. To  conceal  from  my  friends  the  stinted  man- 
ner in  which  I  lived,  I  was  in  the  habit  of  bringing 
my  food  to  my  room  in  the  evenings,  and  this  was 
my  mode  of  life  for  many  years." 

.  The  weary  days  and  nights  spent  in  careful 
thought  over  his  apparatus,  however,  were  not  lost. 
It  was  during  these  times  that  Morse  made  his  sec- 
ond  great  invention;  viz.,  that  of  the  telegraphic TcndSno?" 
relay.  The  question  often  arose  during  con  versa- Sa^euT' 
tions  with  his  friends,  as  to  whether  there  was  not  "^*^' 
a  limit  to  the  power  of  a  magnet  in  moving  the 
lever  of  the  recording  instrument  in  the  case  of  very 
long  telegraph  lines.  The  general  conviction  among 
Morse's  friends,  with  whom  he  had  conversed  on 
the  topic,  appeared  to  be  that  such  a  limit  would  un- 
doubtedly soon  be  reached ;  that  although  a  magnet 
might  possibly  be  made  to  operate  at  say  a  distance 
of  10  miles,  or  even  of  20  miles,  at  greater  dis- 
tances, say  of  100  miles,  it  would  clearly  become  in- 
operative. To  such  objections,  Morse  made  but  one 
reply ;  viz.,  "If  I  can  succeed  in  working  a  magnet 
10  miles,  I  can  go  around  the  globe;"  even  adding, 
"It  matters  not  how  delicate  the  movement  may  be, 
if  I  can  obtain  it  at  all,  it  is  all  I  want." 
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Morse  himself  thoroughly  recognized  the  diffi- 
culty. He  knew  that  some  additional  piece  of  appa- 
ratus was  necessary  in  order  to  be  able  with  cer- 
tainty to  establish  telegraphic  communication  be- 
tween two  stations,  separated  by  a  distance  of 
several  hundred  miles.  At  last  he  made  the  great 
invention  of  the  telegraphic  relay.  But  we  will  let 
Morse  relate  this  part  of  the  history  of  his  inven- 
tion: 

"Between  the  date  1835,  ^^  ^^  completion  of  the 
first  instrument,  and  1837,  the  date  of  its  more  pub- 
lic exhibition,  there  was  a  very  important  addition 
to  it,  which  I  had  already  devised  and  provided 
against  a  foreshadowed  exigency,  to  meet  it  if  it 
should  occur  when  the  conductors  were  extended, 
JJ?SIiitoi  not  to  a  few  hundred  feet  in  length  in  a  room,  but 
ti!?n  o™e  to  stations  many  miles  distant.  I  was  not  ignorant 
m^Sn^  of  the  possibility  that  the  electro-magnet  mig^t  be 
'***^*  so  enfeebled,  when  charged  from  a  great  distance, 
as  to  be  inoperative  for  direct  printing.  This  pos- 
sibility was  a  subject  of  much  thought  and  anxiety 
long  previous  to  the  year  1836,  long  previous  to  my 
acquaintance  or  consultations  with  my  friend.  Pro- 
fessor Gale,  on  the  subject,  but  I  had  then  already 
conceived  and  drawn  a  plan  for  obviating  it.  The 
plan,  however,  was  so  simple  that  it  scarcdy  needed 
a  drawing  to  illustrate  it;  a  few  words  sufficed  to 
make  it  comprehended.  If  the  magnet,  say  at  twenty 
miles  distant,  became  so  enfeebled  as  to  be  unable  to 
print  directly,  it  yet  mig^t  have  power  sufficient  to 
close  and  open  another  circuit  of  twenty  miles  fur- 
ther, and  so  on  until  it  reached  the  required  station. 
This  plan  was  often  spoken  of  to  friends  previous 
to  the  year  1836,  but  early  in  January,  1836,  after 
showing  the  original  instrument  in  operation  to  my 
friend  and  colleague,  Professor  Gale,  I  imparted  to 
him  this  plan  of  a  relay  battery  and  magnet  to  re- 
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solve  his  doobts  regarding'  the  practicability  of  nry 
prodtidng  magnetic  power  sufficient  to  write  at  a 
distance." 

The  form  asa^ed  by  the  first  tel^raphic  relay  is 
seen  in  Fig.  loo.    Here  a  voltaic  cell,  i,  is  placed 
at  the  end  of  a  section  of  tel^raph  line  of  say  20 
miks  in  length.    The  circoit  of  this  cell  extends  an  ^^n^^ 
additional  distance  of  20  miles  to  Hie  distant  station,  oH^'^^" 
where,  after  passing  through  tbt  coils  of  an  electro-  m^^ic 
magnet,  returns  to  tfie  battery  end  of  the  line;,  and  "^*^" 
terminates  in  two  wires  connected  with  the  end  of  a 
lever,  C,  over  merctny  cups,  N  and  O.    These  two 
wires  ccone  near,  but  do  not  touch  the  surface  of 
mercury  in  the  cups.     When  the  current  arrives 


Fig.   100.— Morse'is  Rday.    Note  tbe  fact  that  this  early  form  of  relay  is 

aabatantially  that  employed  to-day. 

from  tilie  distant  station  over  the  line  on  the  left 
hand,  all  it  has  to  do  is  to  attract  the  armatiue  of 
the  lever  connected  with  C,  thus  closing  the  circuit 
of  tbe  battery  i,  and  repeating  in  the  circuit  on  the 
right  the  signals  that  have  been  transmitted  over  the, 
line  on  the  left.  In  the  same  manner  these  signals 
arrive  at  B,  connect  the  circuit  of  the  battery  2,  and 
cause  the  magnet  at  that  end  o€  the  line  to  repeat 
what  has  been  sent  into  the  line  K 

The  relay  invented  by  Morse  was  found  to  oper- 
ate very  satisfactorily  in  practice.     In   1848,  two  surprise  in 
Americans  took  some  of  the  Morse  tel^^aphic  ap-  S?hS?x^ 
paratus  to  Germany,  with  the  view  of  constructing  ^S^o?" 
telegraph  Knes  in  that  country.     Not  being  able, '**«  "**y- 

at  that  time,,  to  take  out  patents  in  Germany,  they 

vou  11 1. -11 
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concealed  the  relay  apparatus  in  a  box.  Neither 
Wheatstone  nor  Steinheil,  to  whose  inventions  we 
will  shortly  recur,  had  succeeded  in  obtaining  very 
clear  signals  over  a  long  line,  owing  to  the  want  of 
a  telegraphic  relay.  The  Americans  constructed  a 
telegraph  line  between  Hamburg  and  Cuxhaven,  a 
distance  of  90  miles.  The  excellent  working  of  the 
line  surprised  the  German  electricians,  and  they 
vainly  endeavored  to  ascertain  the  reason  for  the 
success.  Steinheil  himself  subsequently  visited  one 
of  the  distant  stations,  and  correctly  assigned  the 
reason  for  the  success  to  some  mechanism  concealed 
in  the  relay  box,  which,  however,  the  Americans  re- 
fused to  disclose.  Afterward,  Steinheil,  having  the 
operation  explained  to  him,  generously  acknowl- 
edged to  Morse  the  superiority  of  the  latter's  in- 
strument over  his  own. 

Having  at  last  perfected  his  apparatus,  Morse 
Appropri-   now  endeavored  to  obtain  aid  from  the  United 
$^w^tor  States  Congress,  for  the  construction  of  a  line  be- 
JtoJTS**'    tween   Washington   and   Baltimore.     After  many 
te^S^****"  unsuccessful  efforts,  a  bill  was  introduced  into  Con- 
walE^-    gress  appropriating  $30,000  for  this  purpose.     As 
^uoKire.  in  many  similar  cases,  there  was  considerable  oppo- 
sition to  the  passage  of  the  appropriation,  and  no 
little  ridicule  was  made  of  the  efforts  to  thus  trans- 
mit intelligence.     At  last,  however,  the  bill  passed 
the  House.    Morse,  who  was  an  anxious  spectator  in 
the  gallery  of  the  House  during  the  discussion  of  the 
bill,  was  advised  by  his  friends  to  go  home,  and  not 
submit  himself  to  the  disappointment  that  they  be- 
lieved he  would  unquestionably  meet  in  the  Senate, 
where  it  was  believed  a  considerable  majority  was 
opposed  to  the  passage  of  the  bill.    He  took  this  ad- 
vice, and  we  may,  therefore,  understand  how  greatly 
surprised  the  inventor  was  when  he  was  visited 


Final 
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by  a  Miss  Elsworth,  a  daughter  of  the  then  United 
States  Commissioner  of  Patents,  who  called  the  next 
day  at  the  house  where  Morse  was  staying,  and  while 
the  inventor  was  at  breakfast  congratulated  him  on  ^^'^ 
the  successful  passage  of  the  bill  by  the  Senate. 
The  young  lady  claimed  of  the  inventor  the  fulfil- 
ment of  a  promise  made  to  her  that,  if  the  bill  were 
finally  passed,  the  first  telegraphic  message  sent  over 
the  line  should  be  transmitted  to  her.    TTiis  promise 
was  faithfully  kept,  and  Morse,  when  this  tine  was  ..what 
finally  completed,  sent  to  her  the  now  memorable  S;^;^.. 
message:  "What  hath  God  wrought." 


FiO.  lai.— Recordtng:  Appintua  EmploTed  on  Line  belwccn  Wutnuftii* 

Under  the  appropriation  thus  made  by  Congress, 
a  tel^raph  line  was  constructed  between  Washing- 
ton and  Baltimore,  and  op  the  27th  day  of  May, 
1844,  the  message  above  referred  to  was  transmitted. 
The  apparatus  constructed  for  this  purpose  is  rep- 
resented in  Fig.  loi.  The  dectro-magnet,  M,  as- 
sumed the  form  shown.  This  magnet  was  provided 
with  an  armature  of  soft  iron,  mounted  on  one  end 
of  a  horizontal  lever,  L,  fulcrumed  at  E.  A  train 
of  clock-work.  R,  moved  a  band  of  paper,  PP,  over 
three  steel  points  or  styles,  mounted  on  the  end  of 
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the  lever  L,  so  as  to  make  indentations  on  the  paper, 
and  thus  leave  a  permanent  record  of  the  message 
sent.  Before  this  time  Morse  had  abandoned  the 
method  of  first  setting  up  the  message  to  be  sent  in 
telegraphic  letters,  and  had  substituted  for  it  the 
telegraphic  key  represented  at  K,  in  the  above  figure. 

The  original  arrangement  of  the  circuits  of  this 
first  telegraphic  line  will  be  better  imderstood  from 
an  examination  of  Fig.  102,  taken  from  Vol.  I.  of 
Prescott's  work  on  "Electricity  and  the  Electric 
Telegraph."  Here  the  two  cities,  Baltiinore  and 
Washington,  are  represented  by  the  letters  B  and  W, 


I 


Flo.  loa.— -Arrangement  of  Morse's  Circuits,  showing  Relay  and 

Recording  Magnet. 

respectively.  The  battery,  E,  at  B,  is  connected  at 
one  of  its  poles  or  terminals  with  the  ground  plate 
at  G,  sunk  in  the  water  of  the  bay,  and  the  other  pole 
Operation  ^^  ^^  transmitting  key,  P.  The  wire  marked'  line 
ofthcreiay  extcnds  bctwcen  Baltimore  and  Washington  on 
poles,  through  a  distance  of  some  40  miles.  At 
Washington,  W,  the  battery  has  one  of  its  poles  or 
terminals  grounded  at  Gj,  through  the  key  of  the 
transmitter.  Relays  are  shown  at  R  and  R',  placed 
in  the  closed  circuit  of  the  local  batteries,  L  and  L', 
through  the  recording  instruments,  H  and  H'. 

Such  is  the  brief  history  of  the  first  recording  in- 
strument.    It  differed  from  all  tel^;raphic  instru- 
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ments  that  had  preceded  it  in  the  fact  that  the  pre- 
vious instruments  were  of  the  semaphoric  t5rpe,  as,  moS? 
for  example,  gas  bubbles,  the  movements  of  mag-JflSfS"' 
netic  needles,  the  reading  of  the  signals  depending  tfo^a^^ 
on  the  reception  of  visual  movements,  which  left^*™'"^ 
no  permanent  record.    Morse's  method  was  the  first 
by  means  of  which  a  permanent  record  of  the  mes- 
sage received  was  obtained. 

It  has  sometimes  been  urged,  as  against  the  claims 
of  Reis  for  the  production  of  the  first  speaking  tele- 
phone, that  it  was  evident  that  he  had  not  been  able 
to  produce  an  operative  instrument,  since,  had  he 
done  so,  it  would  almost  certainly  have  been  instantly 
employed  in  extended  commercial  use.  It  may  be 
well  to  consider,  in  this  connection,  the  many  diffi- 
culties Morse  had  before  he  finally  succeeded  in 
establishing  his  great  invention  on  a  commercial  ^^^^ 
scale.     Even  after  he  had  demonstrated  beyond  any  financial 

•'  ^  returns  of 

possibility  of  doubt  that  his  apparatus  was  capable  the  first 
of  successful  commercial  operation,  he  had  difficul- c^i  «i«i'f <>• 

*  magnetic 

ties,  as  already  pointed  out,  in  obtaining  aid.  In-jg««»ph 
deed,  even  after  his  line  between  Washington  and 
Baltimore  was  successfully  laid,  and,  indeed,  after 
the  same  had  been  thrown  open  to  public  use  on 
April  I,  1845,  ^  reasonable  doubt  existed  in  the 
minds  of  many  as  to  whether  Morse  had  produced 
anything  but  a  plaything,  in  proof  of  which  note  the 
actual  returns  during  the  first  few  days  of  the  com- 
mercial use  of  this  line.  The  charge  established 
was  one  cent  for  every  four  words.  The  receipts 
during  the  first  four  days  reached  the  magnificent 
sura  of  one  cent  Then  a  marked  increase  of  I2j4 
cents  occurred  in  a  single  day ;  and  finally  the  enor- 
mous sum  of  $1.32  was  received  in  a  single  day. 
Let  those  who  believe  that  the  public  is  ever  ready 
to  instantly  welcome  a  meritorious  invention,  bear 
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in  mind  the  lesson  of  the  commercial  receipts  of  the 
first  operative  electro-magnetic  recording  telegraph 
established  in  America. 

The  second  of  the  tel^japhic  systems  proposed 
during  1837  was  that  of  Stdnheil,  of  Munich,  who 
had  a  telegraph  of  his  construction  in  actual  opera- 
tion in  July,  1837.  Steinheil's  telegraphic  instru- 
ments were  improvements  on  the  telegraphic  in- 
fmSrata?  struments  invented  at  an  earlier  date  by  Gauss  and 
of  1837.  Weber,  who  had  erected  telegraph  lines  over  the 
tops  of  the  houses  at  Gottingen,  from  the  physical 
cabinet  of  the  University  to  the  Observatory,  a  dis- 
tance of  I J4  miles.  Neither  of  these  gentlemen  hav- 
ing sufficient  time  properly  to  improve  the  system 
of  telegraphy  they  had  devised,  they  had  requested 
Steinheil  to  simplify  the  apparatus,  so  that  it  might 
be  put  into  actual  use.  Since  Steinheil's  apparatus 
was  based  on  improvements  in  the  Gauss  and  Weber 
apparatus,  it  will  be  necessary  briefly  to  examine 
into  some  of  the  characteristics  of  the  earlier  ap- 
paratus. 

The  telegraphic  apparatus  of  Gauss  and  Weber, 

invented  in  1833,  was  based  for  its  operation  on 

GauMand  the  deflcctions  of  a  magnetic  needle,  produced  by  a 

teiUraphic  coil  of  iusulated  wire,  through  which  the  currents 

S^SS^  transmitted  over  the  telegraphic  line  were  sent.     No 

voltaic  battery  was  used  in  this  telegraphic  system, 

since  the  inventors  had  availed  themselves  of  the 

principle  of  magneto-electric  induction,  discovered 

by  Faraday  in  1831.     The  transmitting  instrument 

web?r>     consisted  of  a  magneto-electric  generator  operated 

transmitter,  i^y  hand.     It  was  formcd  of  a  hollow  standard,  a, 

Fig:-  103,  containing  three  powerful  permanent 
steel  bar  magnets,  n,  s,  each  weighing  75  lb.,  with 
a  coil,  d,  of  some  7,000  turns  of  insulated  wire  rest- 
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ing  on  the  top  of  the  stool,  P  P,  so  as  to  surround 
the  magnet  poles.  This  coil  was  provided  with 
handles  at  b,  h.  In  transmitting  signals,  the  opera- 
tor took  hold,  of  the  handles,  and,  raising  the  coil, 
produced  a  current  flowing  in  a  certain  direction; 
but,  while  lowering  it,  produced  a  current  flowii^ 
in  the  c^posite  direction.  These  movements  corre- 
sponded to  the  movements  of  the  key  of  the  trans- 
mitting instrument 


Fia.   103. — Gum  and  Weber*!  Eleetro-magnetie  Tetegriph  Tniuait- 
ter.     Note  the  clnnu;  form  of  mlsnett^cctrlc  geiwnttors  emploTed  for 

■ending  electric  impulaea  into  the  line. 

The  receiving  instrument  of  Gauss  and  Weber's 
telegraph  is  represented  in  Fig.  104.  The  current 
frcMn  the  transmitting  station  is  received  over  the 
line  wires  —  and  +,  passes  through  the  coil  of  insu-  §^!f '' 
lated  wire  m  m,  and  causes  a  deflection  of  a  heavy  SSSmnt. 
bar  magnetic  needle,  M  M,  suspended  by  means  of 
silk  threads  to  the  wall  of  the  room.  A  mirror,  N, 
suitably  attached  to  a  rod,  K,  and  connected  with 
the  magnet  M  M,  is  moved  to  the  right  or  left  by 
variations  in  the  direction  of  the  current  from  the 
transmitting  end  of  the  line  By  the  aid  of  a  tele- 
set^  at  R,  these  movements  of  the  magnet  are 
readily  seen  by  observing  the  movements  of  a  spot 
of  light  on  a  scale,  S  S,  placed  in  such  a  position 
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Aat  its  image  can  be  readily  seen  through  the  tele- 
scope in  the  mirror  N.  The  alphabet  designed  for 
use  in  this  instrument  was  arranged  by  various 
numbers  of  deflections  of  the  needle  to  the  right 
and  the  left.  This  method  of  receiving  telegraphic 
signals  by  the  movements  of  a  delicately  suspended 
magnetic  mirror  is  practically  the  same  as  tiiat  now 
employed  in  systems  of  cable  telegraphy. 


Flo.  104. — Gaiu*  and  Weber's  Electro-BUgnetic  Telefniih  Receiver. 

Steinheil  improved  the  instruments  of  Gauss  and 

Weber  to  so  great  an  extent  that  his  apparatus  might 

^^Jj^'  also  be  considered  as  a  distinct  invention.  His  im- 

[™iSit.    provement  in  the  transmitting  instrument  consisted 

m'Si"™"  i"  the  empIojTnent  of  some  ly  separate  horseshoe 

magnets,  provided  with  two  separate  induction  coils, 

having  a  combined  length  of  some  15,000  turns. 

These  inductiwi  coils  were  so  mounted  that  they 

turned  on  an  arbor,  and  presented  in  rotation  the 

axes  of  the  coils  to  the  poles  of  the  magnet,  so  that 

when  one  coil  was  under,  say,  the  north  pole  of  the 

magnet,  the  other  end  was  under  its  south  pole. 

Moreover,  the  commutator  connected  with  these  coils 

was  so  arranged  that  when  one  of  the  coils  was 

turned  in  one  directitm,  say  from  ri|^t  to  left,  the 
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alternating  currents  produced  in  a  certain  direction 
only  were  permitted  to  enter  the  line;  while  when 
turned  in  the  opposite  direction,  only  the  current  of 
opposite  polarity  was  permitted  to  pass  to  the  line, 
the  other  being-  cut  oflf. 

Steinheil  improved  the  receiving  instrument  of 
Gauss  and  Weber  l^  arranging  for  a  permanent  swtaiidi'* 
record  of  .the  movements  of  the  magnetic  needle,  J^SJ^ 
thus  doing  away  with  the  observation  through  the*" 
telescope.     He  accomplished  this  as  follows:     The 
receiving  instrument  consisted  of  a  flat  coil  of  wire 


of  some  600  turns,  represented  in  Fig.  105,  in  a 
vertical  cross-section  at  a  b.  In  the  centre  of  this 
coil  two  separate  magnetic  needles,  « s  and  «'  s', 
were  pivoted  separately  at  m  and  m',  with  their  op- 
posite poles  facing  each  other.  These  magnets  were 
furnished  at  s  and  «',  respectively,  with  minute  res- 
ervoirs, containing  ink.  Small  capillary  tubes,  c 
and  c',  connected  with  these  reservoirs,  had  their 
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free  ends  open,  and  brought  near  a  paper  fillet  that 

was  maintained  in  motion  by  the  aid  of  suitable 

clock-work,  so  that  they  would  leave  ink  marks  on 

efciS^^*  *  the  p^)er  corresponding  to  the  impulses  sent  over 

?SI?dto|   the  line.    Stops  were  placed  at  h  and  A',  which  lim- 

apparatus.  jj^^j  ^hc  motion  of  the  needles,  so  that  a  current  sent 

through  the  coil  ab,  in  one  direction,  would  move 

only  one  of  the  needles,  and  one  sent  through  the 

line  in  the  oiqxxsite  direction  would  mov^  the  other 

needle  only. 

It  was  while  making  the  experiments  necessary 

for   the   improvement   of   these   instruments,   that 

Steinheil  discovered  the  fact  that  a  return  wire  is 

steinhcu»t  ^^^  ncccssary  in  the  case  of  telegraphic  instruments, 

S^^J^d'  but  that  the  ground  can  be  employed  in  place  of  such 

return.       rctum.     He  had,  before  the  time  of  this  discovery, 

employed  a  metallic  circuit,  but  now  removed  it. 

Sabine,  in  his  work  on  the  "Electric  Tel^japh," 

thus  speaks  of  Steinheil's  discovery : 

"When   experimenting   on   the   Nuemburg   and 
Feurther  Railway,  to  ascertain  if  the  rails  could  not 
be  made  use  of  as  lines  for  the  service  of  a  telegi-aph, 
Steinheil  made  the  important  discovery  that  the 
earth  might  be  used  as  part  of  the  circuit  of  an  elec- 
sabine  on   ^^^  curf cnt.    This  discovery,  which  ranks  with  those 
diSwy*  of  Volta  and  Oersted,  was  one  of  the  greatest  contri- 
returo.*"'**  butions  ever  made  to  the  progress  of  the  telegraph. 
Had  the  identity  of  the  electricities  been  known 
earlier,  return  circuits  other  than  the  earth  for  vol- 
taic currents  would  never  have  been  used ;  for  in  all 
the  earlier  experiments  and  attempts  with  frictional 
electricity,  the  earth  was  used  as  the  return  circuit. 
"Steinheil  took  advantage  of  his  discovery,  and 
removed  the  halves  of  his  lines,  leading,  in  their 
stead,  the  corresponding  connections  of  his  appara- 
tus to  plates  of  metal  buried  in  the  earth." 
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While  acknowledging  the  great  value  of  this  dis- 
covery of  Steinheil,  we  do  not  deem  it  worthy  to  be 
accorded  the  very  high  importance  indicated  in  the 
above  quotation,  since  it  was  well  known  that  theJflS^ 
earth  was  capable  of  acting  as  a  return  circuit.    TheiS^^cf 
f  rictional  electric  telegraph  lines,  alluded  to  in  connec-  ^^«'^^ 
tion  with  the  early  history  of  the  tel^raph,  employed 
such  return  circuits,  and  even  admitting  that  it  was 
not  at  Steinheirs  time  certainly  known  that  all  elec- 
tricity was  one  and  tlie  same,  no  matter  what  its 
source,  yet  it  does  not  seem  to  be  so  great  a  dis- 
covery to  use  the  earth  as  a  return  circuit  in  this 
particular  case. 

We  come  now  to  the  third  great  invention  of 
1837;  i.e.j  that  of  Cooke  and  Wheatstone.    These 
inventors  described  their  invention  in  an  application 
that  was  sealed  in  the  English  Patent  Office  on  June  cooke  and 
12,  1837.     In  the  receiving  instrument  of  this  tele^2Si?i" 
graph  five  separate  magnetic  needles  were  arranged  ^elSof 
in  a  vertical  position  over  a  dial,  on  which  were^*^'****^' 
marked  the  letters  of  the  alphabet  and  the  numerals, 
as  shown  in  Fig.  106.    These  needles  were  so  acted 
on  by  currents  passing  through  coils  of  insulated 
wire  placed  behind  them,  through  the  action  of  keys, 
shown  at  the  bottom  of  the  figure,  that  two  of  such 
needles  would  point  to  a  letter  situated  on  the  dial 
at  or  near  their  point  of  intersection.    Mr.  Wheat- 
stone  thus  describes  his  invention  in  his  examina- 
tion before  the  Parliamentary  Committee  on  Rail- 
ways: 

"Upon  a  dial  are  arranged  five  magnetic  needles 
in  a  vertical  position ;  twenty  letters  of  the  alphabet 
are  marked  upon  the  face  of  the  dial,  and  the  various 
letters  are  indicated  by  the  mutual  convergence  of 
two  needles  when  they  are  caused  to  move.  These 
magnetic  needles  are  acted  upon  by  electrical  cur- 
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rents  passing  throu^  coils  of  wire  placed  inune- 

diatdy  behind  them.    Each  of  the  coils  forms  a  por- 

wok's"      tion  of  a  CMnmunicating  wire  which  may  extend  to 

fi^ruis  *"y  distance  whatever ;  these  wires  at  their  tsnniaa- 

tlii^^  tion  are  connected  with  an  apparatus,  K,  whidi  may 

be  called  a  commionicator,  because  by  means  of  it  the 

signals  are  ctHnmunicated.    It  consists  of  five  longi- 


FlO.  10$.—  Cooke  and  WbeatBtone's  FiTC-needle   Electro-magnetic 
Telegraph. 

tudinal  and  two  transverse  metal  bars,  fixed  in  a 
wooden  frame ;  the  latter  are  united  to  the  poles  of 
a  voltaic  battery,  and  in  the  ordinary  condition  of 
tiie  instrument,  have  no  metallic  communication  with 
the  longitudinal  bars  which  are  each  immediate 
connected  with  a  different  wire  of  the  line;  on  each 
of  these  longitudinal  bars,  two  stops  are  placed, 
forming  together  two  parallel  rovre.  When  a  stop 
of  the  upper  row  is  pressed  down,  the  bar  tqica 
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which  it  19  ^aced  £onns  metallic  communicaticMi 
with  the  traoaverse  bar  below  it,  which  is  connected 
with  one  o£  the  poles  of  the  battery ;  and  when  ona 
of  the  atope  of  the  lower  row  is  touched,  another  oi 
the  longitudinal  bars  forms  a  metallic  communicar- 
tion  with  t^  other  pole  of  the  voltaic  battery;  and 
the  current  flows  through  the  two  wires  connected 
wiUi  the  IcHigitudinal  bars  to  whatever  distance  they 
may  be  extended,  passing  up  one  and  down  tha 
other,  provided  they  be  connected  together  at  their 
opposite  extremities,  and  affecting  magnetic  needles 
placed  before  the  coils,  whidi  are  interposed  in  the 
circuit." 


Fic.  lOT.— Cooke  and  Whutnone'*  SiDgle-needle  Teletrsph. 

In  subsequent  inventions,  Cooke  and  Wheatstone 
greatly  improved  their  telegraphic  instruments.     lucookeuid 
these  improvements  they  finally  replaced  the  five-Jfo";"!" 
needle  tel^jraph  by  a  single-needle  telegraph,  and^^^'|^ 
took  out  a  number  of  patents  in  Enghind  for  these  l^'^J?*' 
inventions.     One  of  these,  of  May  i6,  1845,  de- 
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scribes  the  single-needle  tel^^aph  receiving  instru- 
ment represented  in  Fig.  107.  Here  a  single  coil  of 
insulated  wire  only  is  employed,  a  single  vertical 
magnetic  needle  being  suspended  within  such  a  coil, 
so  as  to  freely  turn  to  the  right  or  to  the  left,  accord- 
ing to  the  direction  of  the  current  through  the  coil  of 
wire.  The  movements  of  this  needle  were  visible 
from  the  outside  of  a  dial  plate,  on  which  were 
marked  the  letters  and  numerals,  though  only  for  the 
sake  of  reference. 

In  a  subsequent  improvement  of  his  apparatus, 

Wheat-      Wheatstone  devised  a  plan  whereby  the  letters  were 

SriSttog     printed  on  a  fillet  of  paper  instead  of  bdng  merely 

device.      indicated  to  the  eye  by  the  pointing  of  magnetic 

needles. 
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CHAPTER  XIV 

TELEGRAPHIC    LINES 

"To  the  intelligent  and  observant  mind  of  youths  the  art  of 
telegraphy  possesses  a  singular  fascination,  and  in  many  in- 
stances its  pursoit  tends  t6  excite  a  spirit  of  scientific  inquiry, 
not  only  commendable  in  itself,  but  valuable  as  establishing 
a  sure  foundation  for  future  success  in  broader  fields  of 
labor.** — The  Electric  Telegraph:    Pope 

UNLIKE  the  telephonic  circuit,  the  telegraphic 
circuit,  as  generally  employed  to-day,  em- 
ploys a  ground  return ;  for,  the  telegraphic 
receiving  apparatus  is  far  less  sensitive  than  the 
telephonic  receiver,  so  that  there  is  comparatively  te^SS****" 
little  trouble  experienced  from  induction  from  neigh-  ^^^ 
boring  lines  in  the  way  of  telegraphic  "cross-talk." 

In  all  cases  where  the  earth  is  employed  for  a 
return  circuit,  it  is  necessary  to  connect  the  ends  of 
the  return  wires  to  plates,  called  ground  plates, 
which,  as  in  the  case  of  the  telephonic  circuit,  are 
necessarily  buried  to  a  depth  sufficiently  great  to 
meet  with  permanently  moist  earth.  It  might  be 
supposed  that,  since  the  materials  of  which  the  earth  wiiy  the 
is  composed  generally  possess  a  high  electric  re- of  the**" 
sistance  when  in  small  masses,  that  the  use  of  anretumte 
earth  or  ground  return  would  necessarily  greatly 
increase  the  total  resistance  of  the  telegraphic  line. 
It  must  not  be  forgotten,  however,  that  the  resist- 
ance of  a  conductor  decreases  with  the  area  of  its 
cross-section,  and  that,  therefore,  provided  the 
ground  plates  make  a  good  contact  with  the  earth, 
practically  the  entire  mass  of  the  earth  is  employed 
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for  the  return  circuit.  In  such  a  case,  from  the  great 
area  of  cross-section,  the  resistance  thus  introduced 
into  the  telegraphic  circuit  is  comparatively  insig- 
nificant. 

It  will  not  answer,  however,  carelessly  to  insert 
the  earth  plates  in  the  ground.     Unless  the  tele- 
graphic line  be  provided  with  suitably  grounded 
earth  plates,  satisfactory  working  becomes  impos- 
Nceessity    sible.     It  is  ucccssary  to  ensure  a  good  earth,  that 
iS^^S"   is,  a  good  contact  between  the  earth  and  the  plates, 
^^putes  and  it  is  for  this  reason  that  the  plates  should  be  sunk 
far  enough  into  the  earth  to  meet  with  strata  that 
are  moist  even  during  dry  weather.     Wherever  it 
can  be  readily  done,  the  earth  wire  should  be  con- 
nected with  the  iron  gas  or  water  pipes,  since  the 
extended  surfaces  of  these  metallic  masses  are  so 
great  as  to  ensure  an  excellent  ground.    Where  this 
can  not  be  done,  the  plate  should  be  buried  as  before 
recommended. 

In  all  cases  where  the  telegraphic  instruments  are 
of  such  construction  as  to  be  readily  affected  by 
very  weak  electric  currents,  the  two  ground  plates 
ph&^^  employed  at  opposite  ends  of  the  line  should  be 
SfiSSS***  niade  of  the  same  metal;  for  example,  they  either 
mcuf'      should  be  both  of  copper,  or  both  of  galvanized  iron, 
and  not  one  of  copper  and  one  of  galvanized  iron ; 
since,  under  such  latter  circumstances,  there  would 
be  a  constant  electric  current  produced  from  the  two 
plates  acting  as  a  species  of  voltaic  cell,  the  moisture 
in  the  earth  forming  the  electrolyte.    In  such  case  a 
constant  electric  current  would  traverse  the  line,  that 
might  be  capable  of  aflFecting  the  delicate  adjust- 
ment of  the  instruments. 

Telegraph  wires  or  lines  are  either  overhead  or 
undeiigrotmd.    As  a  rule  underground  wires  are  only 
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emplayed  where,  as  in  the  case  of  large  cities,  the 
laws  forbid  the  use  of  overhead  wires.  In  such  cases, 
a  number  of  separate  wires  or  conductors,  some- 
times as  many  as  fifty  or  over,  are  wrapped  m  the  ^SSS 
form  of  a  cable,  as  rq)resented  in  Fig,  108.  Here,  te!2E2*" 
as  will  be  seen,  the  separate  wires  are  wrapped 
around  a  central  wire  in  r^^ular  layers,  the  sqiarate 
layers  being  distingui^ied  from  one  another  by 
some  peculiar  marking  placed  on  cme  of  the  insulated 
wires  in  each  layer,  as  is  indicated  in  the  figure. 
This  is  done  for  the  purpose  of  readily  distinguish- 
ing the  separate  lines  in  testing,  jointing,  etc  The 
separate  wires  are  insulated  by  some  suitable  insula- 
tor, but,  in  this  country,  in  the  case  of  undergrotmd 


Fig.  xo8. — Telegraph  Cable  for  Underground  Line.  Note  the  manner 
fB  which  the  separate  layers  of  insulated  conducting  wires  are  placed 
oter  one  another. 

wires  passing  through  large  cities,  gutta-percha,  al- 
though an  excellent  insulator,  is  not  employed,  for 
the  reason  that  it  possesses  a  very  low  mdting  point 
or  softenii^  point;  viz.,  as  low  as  135°  F.  This 
temperature  is  apt  to  occur  in  the  streets  of  large 
cities,  where  boilers  or  furnaces  may  occupy  the 
spsict  below  the  pavement. 

The  telegraphic  cables  are  generally  laid  in  under- 
ground conduits,  containing  ducts,  and  provided  at 
suitable  intervals  with  manholes,  for  ease  in  intro-^^d 
ducing  or  removing  the  cables.    In  the  early  history  ^S  diSets 
of  the  art,  such  wires  were  frequently  buried  inJSk?"" 
cement  or  asphalt,  but  the  difikrulties  arising  from 
their  removal  for  correcting  a  fault  or  break  were 
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SO  great  that  the  conduit  plan  with  ducts  is  now 
universally  employed. 

Wherever  it  is  possible,  however,  telegraph  lines 
are  overhead  lines,  and  consist  of  bare  wires  or 
conductors,  that  are  supported  on  insulators  placed 
on  brackets  on  wooden  or  other  poles.  There  are 
two  objections  to  the  use  of  underground  td^^aph 
conductors,  which  render  aerial  conductors  far  pref- 
erable for  telegraphic  communication,  and  this,  irre- 
spective of  the  matter  of  expense,  which,  of  course, 
is  far  greater  in  the  case  of  imderground  wires.  In 
objJStfoM  ^^  fi^^*  place,  it  is  much  more  difficult  to  determine 
%o^&'  ^^  exact  locaticHti  of  a  fault  or  break  in  an  under- 
wirc^  ground  telegraphic  wire  than  it  is  in  the  case  of  an 
overhead  conductor.  It  is  true  that,  to  a  great  ex- 
tent, this  difficulty  is  obviated  by  a  good  system  of 
imderground  conduits,  with  manholes  placed  at  suit- 
able intervals.  Then  again,  when  such  a  line  is 
properly  installed,  there  should  be  comparatively 
few  breaks  or  faults,  so  that  the  necessity  for  re- 
pairs would  necessarily  be  far  less  in  an  underground 
system  than  in  the  case  of  overhead  wires,  where  a 
single  sleet  or  wind  storm  might  throw  down  al- 
most the  entire  system.  If,  then,  the  only  objection 
were  the  difficulty  of  repairing  and  testing  the  wire, 
it  would  not  prove  so  serious  a  difficulty. 

But  there  is  an  objection  to  the  use  of  underground 
conductors  which  is  of  a  far  more  formidable  char- 
acter, since  it  relates  to  the  electro-static  capacity  of 
the  tel^^aph  line.  If  this  capacity  be  too  great, 
there  will  be  a  retardation  in  the  speed  of  signalling, 
which  will  necessarily  greatly  decrease  the  usefulness 
of  the  telegraph  line  for  the  use  of  high-speed  tel^- 
raphy,  where  it  is  necessary  that  the  different  im- 
pulses sent  over  the  line  shall  follow  one  another 
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with  great  rapidity.  Now  the  electro-static  capacity 
of  a  telegraph  line  will  rapidly  increase  when  the 
wire  is  plac^  near  the  earth,  as,  of  course,  it  will 
necessarily  be  in  the  case  of  an  underground  cable. 
Before  an  electric  impulse  sent  into  a  telegraph  line 
is  able  to  affect  the  receiving  instrument  at  a  distant  inaeased 
station,  it  must  charge  the  surface  of  the  entire  line,  te^^Sdtf" 
Moreover,  this  charge  must  disappear  before  another  ^S^' 
charge  can  be  sent  into  the  line.  Where,  as  in  the  «=*«**'*<*«» 
case,  of  a  long  line,  there  is  a  sensible  leakage  or  loss 
of  current  at  the  insulators  or  elsewhere,  there  will 
be,  up  to  a  certain  limit,  an  increase  in  the  speed 
with  which  the  line  can  be  charged  and  discharged, 
and,  consequently,  in  the  speed  of  signalling.  Such 
leakage,  however,  must  never  be  so  great  as  to  ren- 
der the  current  strength  at  the  receiving  end  of  the 
line  too  feeble  properly  to  operate  the  receiving  in- 
struments. Now  it  is  clear  that,  in  an  overhead 
line,  where  the  wires  can  be  placed  at  fairly  consid- 
erable distances  above  the  ground,  the  electro-static 
capacity  will  be  much  less,  and,  consequently,  the 
speed  of  signalling  greater,  than  in  the  case  of  any 
underground  conductor. 

The  line  wires  or  conductors  are  either  galvanized 
iron  or  hard-drawn  copper  wire.    The  latter  is  com- 
ing into  use  in  the  United  States  and  elsewhere,  ow- 
ing to  its  greater  conducting  power.    Where  copper  copper 
wires  are  employed.  No.  14,  of  the  B. W.G.  (Binning-  w.*taSir** 
ham  Wire  Gauge)  is  generally  used;  while  No.  g^**"*"****^ 
of  the  same  gauge,  of  iron  wire  is  used.    Where  a 
great  number  of  cc^per  wires  are  suspended  from  the 
same  poles,  it  is  customary,   for  the  purpose  of 
strengthening  the  line,  to  employ  one  or  more  iron 
wires.    If  only  one  such  wire  is  used,  it  is  generally 
placed  at  the  top  of  the  poles.     Where  several  are 
employed,  the  iron  wires  are  placed  on  cables  at  the 


246  ELECTRIGITT  Bf  BVBRT-DAY  LIFE 

side  of  the  poles,  either  oo  every  cross  arm,  or  on 
every  alternate  cross  arm.  In  this  way  the  line  is 
greatly  stiffened,  and  is  better  able  to  withstand  th« 
actim  of  heavy  winds. 

Telegraphic  wires  are  supported  by  poles  made 

dther  of  wood  or  ircMi.     Although  iron  poles  are 

Teiempb-  "luch  morc  desirable  than  wooden  poles,  yet,  in  the 

kpSn.     j^g^g  q£  ^fjg  breakage  of  an  insulator,  the  line  is  more 

readily  grounded  by  coming  in  contact  with  the 

iron  pole  than  it  would  if  a  wooden  pole  was  used. 


■   Anni,   Brackets,   Piiu, 


A  common  form  of  wooden  pole  employed  on  tele- 
graph lines  is  shown  in  Fig.  109.  The  height  and 
diameter  of  the  pole  depend  on  the  number  of  wires 
it  is  intended  to  support.  The  poles  are  carefully 
placed  in  the  ground  to  such  a  depth  as  will  enable 
them  to  withstand  the  action  of  the  wind,  etc.  In 
order  to  prevent  rapid  decay,  care  must  be  taken  to 
see  that  the  wood  is  well  seasoned.  Where  the  poles 
are  placed  on  curves  or  at  sudden  bends,  they  should 
be  set  in  an  inclined  or  slanted  position,  in  order  to 
better  withstand  the  puH  produced  by  the  weight  of 
the  wires. 
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The  poles  shown  in  the  above  figure  are  furnished 
with  cross  arms  A,  A,  or  brackets  B,  B,  provided 
with  pins  *',  i,  in  the  well-known  manner.  These  pins 
have  a  screw  thread  at  their  upper  part,  for  the  re 


edition  of  a  threaded  glass  or  porcelain  insulator. 
In  Fig,  110,  one  of  the  many  forms  of  such  glass 
insulators  is  represented. 

The  depth  of  the  groove  on  the  insulator  is  a  mat- 
ter of  considerable  importance;  for,  if  too  shallow, tor«J^ 
the  wire  may  readily  come  off,  while  if  too  deep,  the  ^t  lo 
strain  on  the  wire  may  result  in  crushing  the  edge      ""' 
of  the  glass  insulator,  and  thus  injuring  its  insulat- 


— Metbod  of  S«curiD8  I^e  Wi 


ing  power.  The  line  wires  are  passed  around  a  part 
of  the  insulator,  and  secured  to  it  by  a  piece  of  tie- 
wire  of  iron,  in  the  manner  shown  in  Fig.  iii. 
Where  the  line  is  of  iron,  the  tie-wire  must  be  formed 
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of  iron,  and  where  of  copper,  it  should  be  formed  of 
cc^per;  otherwise,  a  galvanic  action  is  apt  to  occar 
tinder  the  influence  of  the  moisture  of  the  air,  and 
the  iron  wire  will  be  rapidly  corroded. 

Telegraph      Where  the  ends  of  two  circuit  wires  are  to  be  con- 
ic jomts.     nected  together,  various  methods  are  employed  in 


Ainericaii 
twist  Joint. 


iiuunnc 
Joint. 


Fio.  112. — Some  Fonns  of  Telegraphic  Joints.    Note  the  different  wind- 
ing of  the  wire  in  these  joints. 

order  to  ensure  a  joint  of  low  resistance.  Two  dif- 
ferent methods  are  shown  in  Fig.  112.  In  the 
method  represented  at  the  top  of  the  figure,  a  form 
known  as  the  American  twist  joint  is  seen,  where 
two  wires  are  wrapped  upon  each  other  in  the  man- 
ner shown,  and  afterward  soldered  together.  In  the 
joint  shown  at  the  bottom  of  the  figure,  known  as 
the  Britannia  joint,  the  two  ends  of  the  wire  are  laid 


imf^. 


Fig.  II3-— Mclntjrre's  Parallel  Sleeve  Telegraphic  Joint     Note  the  posi- 
tion of  the  parallel  sleeves  before  and  after  twisting. 


side  by  side,  and  then  bound  together  by  a  separate 
piece  of  wire,  and,  as  in  the  American  twist  joint, 
are  then  soldered  together.  In  the  form  erf  joint  rep-. 
Mcmtyre  rcs^nted  in  Fig.  113,  called  the  Mclntyre  joint,  the 
SSfe  jotot  ®^  ^^  *he  wires  are  inserted  in  parallel  sleeves  or 
tubes,  represented  at  the  top  of  the  figure,  and  are 


Mclnti 
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then  twisted  together  as  shown  in  the  lower  part  of 
the  figure.    In  this  case,  soldering  is  not  required. 

Where  the  wires  pass  over  the  top  of  a  house,  they 
are  secured  to  an  ordinary  glass  insulator,  placed  on 
a  suitable  bracket.  Where  a  number  of  such  wires,  f°^ 
however,  pass  across  the  house,  it  is  necessary  to^"' 
provide  a  special  fixture  called  a  house-top  fixture. 
This  is  provided  with  cross  arms  and  insulators,  as 
represented  in  Fig.  114.     When  this  fixture  is  ap- 


FlO.  114. — HoDK-top  Fixturt 

.  plied  to  the  case  of  the  wires  passing  irom  an 
underground  cable  to  an  overhead  conductor,  as 
in  the  similar  case  of  a  telephone  circuit,  a  cable- 
head  or  cable-box  is  employed. 

There  are  two  properties  that  all  telegraph  lines 
should  possess,  in  order  to  ensure  efficient  operation ;  Effect  ot 
viz.,  a  tow  electric  resistance,  and  a  high  insulation,  ^l^oduc- 
A  low  dectric  resistance  of  the  conducting  lines,  or,  tcie^ph 
as  it  is  more  frequently  called,  a  high  conductivity 
of  the  line,  is  a-  matter  of  the  greatest  importance. 
For  this  reason  copper  wire  is  generally  employed 
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instead  of  iron  wire,  as  already  mentioned.  But  the 
conductivity  of  a  tdegraj^  line  is  necessarily  de- 
pendent on  the  degree  of  its  insulation.  If  this  be 
poor,  there  will,  of  course,  be  a  poor  conductivity 
of  the  line,  as  indicated  by  the  strength  of  the  cur- 
rent which  arrives  at  the  receiving  end.  Perhaps 
most  of  the  difficulties  that  occur  on  tel^japh  lines 
are  due  to  the  escape  of  current  from  poor  insula- 
tors. The  wonderful  growth  of  the  telegraphic  ser- 
vice in  all  parts  of  the  world  necessitates,  in  large 
cities  or  in  their  neighborhood,  the  installation  of  a 
very  great  number  of  telegraph  wires  on  a  single 
pole  line.  With  this  increase  in  the  number  of  wires 
there  occurs  an  increased  difficulty  in  obtaining  the 
requisite  high  insulation. 

Since  the  insulating  power  of  air  is  very  high,  the 
bare  telegraphic  wires  can  be  safely  employed  sus- 
pended on  pole  lines,  as  already  described.  The  glass 
insulators  generally  used  possess  very  high  insula- 
tion, on  account  of  their  high  electric  resistance,  so 
Effect  of  that  but  little  current  can  pass  through  them  from 
siSon  the  wire  to  the  ground  as  long  as  the  weather  is 
pfSSJf^  clear.  During  stormy  and  foggy  weather,  how- 
ever, there  may  be  an  increased  loss  of  current  at 
the  insulators,  especially  if  they  have  become  cov- 
ered with  small  particles  of  dust  or  soot  from  chim- 
neys where  bituminous  coal  is  burned,  these  sub- 
stances coating  the  surface  of  the  insulator  with 
conducting  particles  that  tend  considerably  to  in- 
crease the  loss  of  current  by  leakage.  The  outside 
surfaces  of  insulators,  however,  are  generally  so 
shaped  as  to  enable  the  rains  to  cleanse  and  wash  off 
the  dirt,  and  then  to  drain  directly  off  to  the  ground, 
rather  than  run  down  the  poles. 

But  while  the  individual  resistance  of  a  single  in- 
sulatcM-  may  be  very  hig^,  being  frequently  from 


latofs. 
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9,ooo,ocx>  to  15,000,000  ohms,  yet,  in  a  long  wire, 
where  there  are  a  great  nnmber  of  such  insulators, 
the  total  insulation  of  the  line  will  be  the  joint  re- 
sistance of  all  these  insulators;  i.e.,  the  resistance ^^""of 
they  would  have  as  a  number  of  parallel  connected  fSl^SJ^^ 
resistances.    Every  insulator,  therefore,  added  to  asSatton 
tel^fraph   line,  decreases  the  insulation  resistance  **^"°** 
of  the  line.    The  joint  resistance  of  a  telegraph  line, 
as  is  produced  under  the  influence  of  the  various 
points  of  escape  of  the  current  offered  by  the  in- 
sulators,  is   in   the  neighborhood   of   300,000  to 
500,000  ohms  for  each  mile  of  wire,  so  that,  if 
there  were  thirty  insulators  on  this  part  of  the 
line,  each  of  the  insulators  would  require  to  have  the 
resistance  above  -mentioned ;  viz.,  from  9,000,000  to 
15,000,000  ohms.    The  resistance  of  the  insulators, 
however,  varies  very  rapidly  under  diflFerent  condi-  Leakage 
tions,  being  high  in  clear  warm  weather,  when  theSivSand 
sun  is  shinii^  brightly  and  the  air  is  dry,  and  much  oFtreST 
lower  during  damp  foggy  weather.    In  addition  to 
the  loss  of  current  through  the  insulators,  consider- 
able difficulties  often  arise  from  leaves  and  branches 
of  trees  coming  in  contact  with  the  bare  wire,  so 
that,  in  this  way,  the  insulation  resistance  of  a  line 
may  be  considerably  affected.    There  are  also  trou- 
bles in  the  neighborhood  of  large  cities,  that  arise 
from  the  strings  of  kites  becoming  entangled  in  the 
wire,  thus  permitting  currents  to  pass  between  neigh- 
boring wires.    Of  course,  during  storms,  if  a  single 
wire  should  break,  it  would  establish  contact  with 
the  neighboring  wires  that  would  probably  throw 
a  great  number  of  circuits  out  of  use. 

Since  there  is  always  a  considerable  loss  of  cur- 
rent on  long  telegraph  lines,  that  prevents  the  cur-^{™ftin^ 
rent  from  the  sending  end  of  the  Kne  reaching  the  S^wiS! 

receiving  end  in  the  d^ree  of  strength  necessary 
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for  the  proper  action  of  the  receiving  instruments,  it 
is  generally  necessary  to  employ  currents  of  consid- 
erable strength  on  such  lines.  There  is,  however,  a 
limit  to  the  strength  of  current  that  can  be  so  em- 
ployed in  certain  cases,  especially  in  the  case  of  cable 
telegraphy,  to  which  we  will  soon  refer. 

In  the  early  history  of  telegraphy,  underground 
lines  were  employed,  but  many  difficulties  were  ex- 
diffi'^'     perienced,  owing  to  the  tendency  of  the  insulation 
p?ound      to  fail.  Morse's  first  telegraphic  line  between  Wash- 
fines,        ington  and  Baltimore  was  commenced  as  an  under- 
ground line,  but,  fortunately,  a  change  was  made  in 
the  plans  before  the  line  was  completely  installed. 
In   1853,  a  line  was  erected  in  England  by  the 
Magnetic   Telegraph   Company,    in   which   copper 
wires,  insulated  with  gutta-percha,  were  employed. 
This  line  was  quite  successful  for  a  while,  but  after- 
ward failed.    Concerning  its  failure,  Prescott  writes 
as  follows: 

"Before  the  work  was  finished  a  great  number  of 
faults  were  found,  generally  due  to  nailing  on  the 
cover,  the  nails  frequently  being  driven  into  the 
gutta-percha.    A  long  length  of  line  had  all  its  nails 
Prescott  on  renewed,  and  the  boarding  bound  with  wire.    A  few 
S^of    years  after  the  completion  of  the  work  the  wires 
^tu-  "    continually  failed,  and  when  a  fault  was  located  in 
mJuiated    any  wire  the  cable  was  opened  and  a  good  wire  sub- 
S?oiSd      stituted  for  the  faulty  one.     Subsequently  the  line 
telegraph    ^^^  tcstcd  iu  fivc-milc  scctious,  and  when  any  sec- 
tion was  found  defective  it  was  replaced  by  an  over- 
head   line,   and   the   underground   cable   removed. 
This  course  gradually  resulted  in  the  replacement 
of  the  line  by  an  overhead  one,  until  at  length  none 
of  the  original  work  was  left.     The  faults  which 
appear  to  have  caused  the  abandonment  of  the  gutta- 
percha cables  were  the  drying  up  and  cracking  of 
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the  gutta-percha  in  sandy  ground ;  the  rotting  of  the 
gutta-percha  in  dirty,  stagnant  water ;  the  formation 
of  fungi  on  the  gutta-percha  near  oak  trees ;  the  de- 
struction of  the  gutta-percha  by  gas  water  near  gas 
pipes ;  the  burning  of  the  gutta-percha  by  the  care- 
lessness of  the  workmen  engaged  in  laying  it;  the 
rotting  of  the  gutta-percha  under  the  lead  numbers 
{i.e.  lead  tags  fixed  to  the  wire  for  identification), 
and  the  pricking  of  the  wires  and  omitting  to  seal 
the  places  up." 

It  will  be  noticed  in  the  above  quotati<Hi  that 
there  is  an  unfortunate  property  possessed  by  gutta- 
percha to  answer  well  at  first,  so  far  as  its  insulating 
powers  are  concerned,  arid  then  gradually  to  fail 
from  a  variety  of  circumstances.     This  peculiarity 
led  to  considerable  difficulty  in  Germany.    In  1847,  SSfo?*^* 
Dr.  Werner  Siemens,  having  satisfied  himsdf  ofp^^in 
the  admirable  qualities  possessed  by  gutta-percha  gro^i 
as  an  insulator,  employed  it  for  covering  the  wires  Gemra^. 
in  an  underground  line  laid  from  Berlin  to  a  neigh- 
boring town,  at  a  distance  of  some  five  English  miles. 
This  line  maintained  its  resistance  so  well  that,  dur- 
ing the  following  years,  a  number  of  lines  were 
constructed,  until  some  3,000  miles  of  insulated 
gutta-percha  wires  were  laid  underground.    These 
lines  were  quite  successful  for  the  first  few  years, 
but,  like  the  English  lines,  they  finally  failed,  and 
were  replaced  by  overhead  lines. 
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CHAPTER   XV 

THE     ELECTRO-MAGNETIC     TELEGRAPH     OF     TO-DAY 

"The  telegraphic  Tory,  who  sees  virtue  in  the  tape,  and 
believes  in  the  greater  accuracy  of  a  record,  still  exists  in 
large  numbers  in  various  parts  of  Europe,  but  he  has  disap- 
peared from  the  United  States  of  America  and  from  England 
The  ear  is  more  accurate  than  the  eye,  and  more  rapid  in 
deciphering  these  fleeting  signals  that  convey  language/' — 
Preece:   Address,  1893 


and  the 
open- 
circuited 
Moree  tel- 
egraphic 
systems. 


HE  Morse  telegraphic  system  is  practically 
the  system  generally  employed  to-day  both  in 
America  and  Europe.  The  system,  however, 
employed  in  America  differs  from  that  employed 
SSittST*'  ^^  Europe.  The  American  system  is  a  closed- 
circuited  system,  in  which  the  batteries  and  in- 
struments are  placed  in  a  closed  or  completed 
circuit  when  not  in  use,  while  in  Europe  gener- 
ally the  batteries  are  out  of  the  circuit  while  the 
line  is  not  in  use,  or  the  system  is  an  open-circuited 
system.  In  this  latter  system,  however,  the  instru- 
ments in  the  stations  are  in  closed  circuit  in  the  line 
at  all  times.  The  transmitting  and  receiving  appa- 
ratus employed  on  the  line  are  practically  the  same 
in  both  systems.  In  the  closed-circuited  system 
there  is  generally  a  large  battery  employed  at  each  end 
of  the  line,  while  in  the  open-circuited  system  a  sepa- 
rate battery  is  necessary  at  each  station.  It  will  be 
interesting,  therefore,  to  examine  in  some  little  de- 
tail the  peculiarities  of  both  of  these  systems.  To 
do  this  we  must  first  discuss  the  apparatus  employed 
on  the  ordinary  electro-magnetic  tel^japh,  as  it  is 
used  in  both  countries.    This  apparatus  consists  es- 
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sentiallj  of  a  tnmsmitting  key,  a  receiving  rday,  and 
of  a  soander,  or  some  form  of  recording-  apparatus. 
The  transmitting  key  assumes  a  variety  of  forms. 
They  are  all,  however,  practically  like  that  repre- 
sented in  Fig.  115.  Here  a  brass  lever.  A,  some  four 
or  five  inches  in  length,  is  furnished  at  one  end  with  ho^,,,^ 
a  knob  or  button,  B,  of  hard  rubber,  or  other  insulat-  e"pi>K<ier 
ing  material.  This  lever  is  movable  to  and  fro 
through  a  short  vertical  distance  by  means  of  a 
horizontal  axis  at  G,  which  turns  between  two  ad- 
justable set  screws,  D,  D.    The  extent  of  this  ver- 


Fio.   11$. — Hone  Tdecraphic  Key  for  aoKd.drciuieil  STStim. 

ticai  movement  is  limited  in  one  direction  by  an 
anvil,  C,  and  in  the  opposite  direction  by  a  set  screw, 
F.  During  the  up-and-down  movements  of  th« 
lever  A,  contact  is  made  and  broken  between  a 
platinum  stud,  or  contact  piece  placed  on  the  lower 
side  of  the  lever  A,  and  a  similar  stud  or  contact 
piece  placed  on  the  anvil  C.  These  contacts  are 
made  of  platinum  in  order  to  avoid  the  oxidation 
that  might  otherwise  take  place  by  reason  of  the 
small  arc  formed  00  breaking  the  circuit  of  the  tele- 
graph line.  The  key  is  moved  downward  by  the 
hand  of  the  operator,  but  when  released  is  moved 
badt  by  the  action  of  a  spring  placed  tmder  the 
lever,  the  extent  of  motion  of  tfie  key  being  r^^- 
lated  by  means  of  a  set  screw  at  F,. 
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The  transmitting  key  is  attached  to  the  table  in 
the  tel^raph  office  by  means  of  long  screws,  L,  L, 
that  pass  through  it,  the  circuit  wires  being  con- 
nected with  the  key  by  bending  the  ends  of  the 
wires  and  clamping  them  between  the  nuts  K,  K,  and 
the  under  side  of  the  table.  The  platinum  contact 
o^I^'rf'  °"  ^^  2xi\W  at  C-  is  connected  with  the  wire  at  L, 
i^k^'*''*  "^  ^^^  left-hand  side  of  the  figure,  but  insulated 
from  the  metallic  framework  of  the  key.  The  other 
wire  is  connected  directly  with  the  metallic  frame  of 
the  key,  and,  therefore,  with  the  upper  contact  on  the 
lower  side  of  the  key.  The  key  represented  in  this 
figure  is  designed  for  use  in  the  closed-circuited  sys- 
tem, so  that  a  switch  is  provided  at  H,  by  means  of 
which  the  Hne  can  be  closed  when  the  particular 
station  is  not  in  use. 


Pio.  iifi MoTK  Receiving  Magiiet  or  Relajr.    Note  the  small  aiiKnmt 

of  work  thai  i*  required  to  be  done  by  the  electro.magiKt  M  in  order 
to  opcTBie  the  receiTJog  oiagnet  or  reliy. 

The  essential  part  of  the  receiving  magnet  or  re- 
lay consists  of  a  readily  movable  armature,  whose 
only  function  is  to  close  and  open,  by  its  to-and-fro 
movements,  the  circuit  of  a  local  battery  cc«itaining 
a  receiving  instrument,  such  as  a  sounder  or  some 
eceiTtaB  recording  instrument.  A  form  of  receiving  relay  in 
orieiajr.  common  use  is  shown  in  Fig.  ii6,  where  M  is  an 
electro-magnet  of  the  horseshoe  type,  whose  cores 
are  wound  with  a  great  length  of  insulated  wire. 
The  form  represented  in  the  figure  is  that  commonly 
employed  by  the  Western  Union  Telegraph  Com- 


Mone 

receiTl 
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pany.  In  some  of  these  instruments  the  magnet  coils 
consist  of  some  8,000  separate  turns  of  No.  32  cop- 
per wire,  having  a  diameter  of  .009  inches,  and  a 
total  electric  resistance  of  about  1 50  ohms. 

All  the  work  the  telegraphic  relay  has  to  do  is  to 
open  and  close  a  set  of  contact  points  between  a  and 
F.     This  it  does  by  means  of  the  movements  of  an 
armature  of  soft  iron,  A,  attached  to  a  vertical  lever, 
a,  whose  lower  end  is  mounted  on  a  steel  arbor,  mov-  contacts  of 
ing  between  the  two  adjustable  set  screws  shown.  S^' 
The  usual  platinum  contacts  are  placed  on  the  con-**'"^*^' 
tacts  between  a  and  F.    The  movement  of  the  arma- 
ture in  one  direction  is  effected  by  the  attraction  of 
the  electro-magnet  M,  while  its  movement  in  the  op- 
posite direction  is  obtained  by  the  action  of  a  long 
coiled  spring,   S',  whose  tension  is  regulated  by 
means  of  the  screw  S. 


Fio.  117. — ^A  Form  of  the  Western  Union  Company's  Receiving  Mag- 
net or  Relay.  Note  the  slight  difference  in  this  relay  from  that  shown 
in  the  preceding  figure. 

A  great  number  of  different  forms  have  been  given 
to  the  receiving  relay,  one  of  these,  employed  by  Another 
the  Western  Union  Telegraph  Company,  being  that  JSSvtog 
shown  in  Fig.  117.  Instruments  of  this  type  are  now  S^'SJy. 
made  in  which  the  resistances  of  the  coils  of  the 
electro-magnets  are  either  150  ohms,  200  ohms,  or 
300  ohms. 

We  have  already  explained,  in  connection  with 
the  early  history  of  the  telegraph,  just  what  hap- 
pens when  the  relay  of  the  receiving  magnet  closes 
the  contacts  at  the  receiving  end  of  the  line.    It  may 
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be  well,  however,  to  examine  Fig.  ii8,  to  see,  per- 
haps, more  clearly  just  how  the  closing  of  the  contact 
Action  of    points  at  a  and  F,  in  Fig.  ii6,  is  able  to  throw  into 
uSiS'*'   action  the  sounder  or  other  receiving  instrument 
o/S^      through  the  agency  of  a  local  battery.     In  Fig. 

TOund?r*S?  II 8,  R  represents  the  relay  magnet,  L  its  arma- 
recorder.    ^^^^^  ^^j  ^^  ^^j  ^^  ^l^^  contact  points.     From  this 

figure  it  will  readily  be  understood  ths^  whenever 
the  contacts  t^  and  ^2  sire  closed,  the  circuit  of  the 
local  battery,  e,  is  completed  through  the  sounder  S, 
so  that  its  armature  is  drawn  toward  the  magnet 
poles ;  and  that  on  the  other  hand,  whenever  the  con- 


FzG.  118. — Diagrammatic  Representation  of  Circuits  of  Telegraphic 
Relay  and  Sounder.  Note  the  connection  between  the  local  battery* 
contact  points,  and  sounder. 


read  by 
sound: 
recoraen 
unneces- 
sary. 


tacts  at  ti  and  fg  ^re  broken,  by  the  action  of  the 
opposing  spring,  the  armature  is  drawn  back  in  the 
opposite  direction. 

There  now  only  remains  to  examine  the  construc- 
tion and  operation  of  the  sounder  or  other  receiving 
instrument  employed  at  the  receiving  end  of  the  line. 
Morse's  original  plan  was  to  construct  a  recording 
apparatus,  so  that  the  different  messages  sent  over 
the  line  wire  were  recorded  in  a  permanent  manner. 
It  was  soon  discovered,  however,  that  such  a  record- 
ing instrument  was  unnecessary.  The  operator  n^ 
idly  learned  to  receive  the  messages  sent  by  the 
various  sounds  produced  by  the  recording  instru- 
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ments,  SO  that  he  could  write  the  message  directly 
on  a  slip  of  paper  without  being  obliged  to  transcribe 
it  from  the  record  slip.  These  sounds  were  produced 
by  the  movement  of  the  armature  of  the  recording 
magnet  in  one  direction  under  the  influence  of  the 
electro-magnet,  and  in  the  opposite  direction  under 
the  influence  of  the  opposing  spring.  In  most  offices  IS^^i^ 
to-day,  therefore,  the  receiving  magnet  has  been  re- 
placed by  an  apparatus  known  as  the  Morse  sounder. 
Since  the  letters  or  characters  of  the  Morse  tele- 
graphic alphabet  consist  of  various  dots  and  dashes. 


separated  from  one  another  by  certain  intervals,  it 
might  be  thought  that  the  sound  produced  by  a  dot 
would  be  indistinguishable  from  that  produced  by  a 
dash;  but  this  difficulty  does  not  exist,  since  it  is 
rather  the  interval  of  time  tietween  successive  sounds 
than  the  sounds  themselves  that  give  to  them  their 
distinctive  characteristics. 

A  form  of  Morse  sounder  employed  by  the  West- 
ern Union  Telegraph  Company  is  represented  in 
Fig.  1 19.  Here  the  electro-magnet  is  provided  with 
an  armature  mounted  on  a  horizontal  lever,  and 
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pivoted  at  one  end,  so  as  to  be  capable  of  motion  to- 
and-fro  throuj^  a  slig'ht  vertical  distance.    This  mo- 
tion is  limited  in  each  direction  by  a  stt^,  the  dis- 
^rVuai^'  tance  of  the  motion  being  determined  by  two  regu- 
coSSfrt  ^^ting  screws.    As  in  the  receiving  relay,  the  motion 
J^J^'      in  one  direction  is  produced  by  the  attraction  of  the 
wonder,     electfo-magnet,  and  in  the  opposite  direction  by  the 
action  of  a  spring,  the  tension  of  which  is  regulated 
by  the  screw  shown  in  the  lower  part  of  the  figure  at 
the  right-hand  side.    The  coils  of  the  electro-magnet 
have  a  comparatively  low  resistance,  being  only 
about  four  ohms.    As  the  armature  lever  is  moved 
to-and-fro  under  the  opposite  actions  of  the  electro- 
magnet and  its  opposing  spring,  its  lever  strikes  the 
two  stops,  which  limit  its  motion,  and  produce  char- 
acteristic sounds  which  enable  the  movements  to  be 
readily  read. 


FiQ.    I3D.— Mprse  Telegrsplile  Recorder. 

A  Morse  recording  telegraphic  instrument  is 
shown  in  Fig,  120.  The  lever  L,  attached  to  the 
armature  of  a  magnet  M,  is  provided  at  one  of  its 
Wag  extremities  with  a  stylus  or  point,  that  is  caused  to 
iDM^uL  Strike  a  paper  fillet,  and  mark  thereon  a  series  of 
dots  or  dashes,  according  to  die  let^h  of  time  that 
the  stylus  is  kept  pressing  against  the  paper  fiUet. 
This  fillet  is  maintained  in  a  uniform  motion  by 
means  of  clock-work,  shown  at  W,  in  the  f^ure. 
This  paper  passes  between  a  pair  of  rollers,  r,  tite 
upper  roller  being  grooved,  so  that  when  the  lever  L 
presses  its  stylus  against  the  surface  of  the  paper  it 
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indents  or  embosses  k.  As  soon  as  the  current  ceases 
to  pass  through  the  coils  of  the  electro-magnet,  a 
spring,  «,  withdraws  the  lever.  If  now,  a  person  at 
the  other  end  of  the  line  closes  the  transmitting  key, 
and  instantly  releases  it,  the  stylus  produces  a  dot  on 
the  paper  fillet,  since  the  stylus  only  touches  the  paper 
momentarily.  If,  however,  the  operator  at  the  trans- 
mitting end  keeps  his  finger  on  the  key  for  a  longer  4?o?«fing 
interval,  then,  during  all  this  time  the  stylus,  being  *"'^™*°^ 
kept  against  the  paper  fillet,  will  mark  on  its  surface 
a  line  whose  length  will  depend  upon  the  time  that 
the  contact  has  been  maintained.  In  this  way  there 
will  be  recorded  on  the  paper  fillet  a  series  of  dots 
and  dashes,  that  will  correspond  to  the  letters  of  the 
Morse  alphabet. 

Let  us  now  briefly  examine  the  character  of  this 
telegraphic  code.  It  is,  with  some  exceptions,  the 
same  as  that  first  devised  by  Morse.  This  alphabet 
consists  of  various  groupings  of  dots  and  dashes, 
as  represented  in  Fig.  121.  For  example,  the  letter  a 
consists  of  a  dot  followed  by  a  dash,  the  letter  nTheMone 
of  a  dash  followed  by  a  dot,  the  letter  ^  of  a  single  S>df?r^  ** 
dot,  the  letter  ^  of  a  single  dash,  and  so  on.  In  send-  ^ 
ing  a  message  by  the  Morse  alphabet,  care  is  neces- 
sary, in  order  to  ensure  distinctness,  not  only  in 
properly  spacing  the  intervals  between  the  separate 
characters  and  words,  but  also  in  ensuring  the  proper 
length  of  time  for  the  dashes.  As  a  rule,  a  single 
dash  is  equal  in  length  of  time  to  three  dots,  the  space 
between  the  separate  characters  of  a  single  letter  is 
equal  to  one  dot,  except  in  the  American  Morse, 
where  some  of  the  intervals  in  c,  0,  r,  y,  and  js,  are 
lengthened  to  two  dots.  L  is  produced  by  a  dash 
that  is  154  times  the  length  of  t. 

The  American  Morse  Code  or  alphabet  is  em- 
ployed in  Canada  as  well  as  in  the  United  States. 
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AlfhoM 


b 
c 
a 

e 
f 

k 

i 

J 
k 
I 
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1 
2 

4. 
5 


n  — 


m  - 

V  •• 

w  -• 

X  -■ 

y  - 


4 

NimefvU 


Bariod**— 


S  — 

7  — 

B  — 

9  — 

O  — 


ftiiMtitfltoit  Mttiici 


x^yyy 

sKsyy 

\\\\y 

\\\\\ 

^\\^ 

yyy^s 
yyyys 
yyyyy 

/y>,>.y/ 
yyyKK< 

AAA 

Fig.  lai.— Mone  Tekgraphic  C*de  or  Alphabet  Note  the  fact  that 
all  of  these  characters  consist  of  various  combinations  of  dots  and 
daabet  •r  dots  and  intervato. 
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9 


TCiiod 


Cdon 
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Various  codes  were  employed  in  diflferent  parts  of 
Europe  before  it  was  agreed,  at  an  International 
European  Conference,  to  adopt  a  uniform  code,  now 
known  as  the  Continental  Code.  This  code  is  rep-  £i?^p^^ 
resented  in  Fig.  122,  both  for  printing  or  recording,  ^^^' 
and  for  the  single-needle  instrument.  A  compari- 
son of  the  Continental  Code  with  the  American  Code 
will  show  that  the  letters  a,  b,  d,  e,  g,  h,  i,  k,  m,  n,  r, 
i,  u,  V,  and  w,  are  identical  in  each  code.  The  re- 
maining letters,  numerals,  and  punctuation  marks 


RTKTING 

SlNGI«E 

Needi,b 

pRTWTrHC 

Snou 

NSSDLB 

Vv      •  ^m^ 

n/ 

H   - 

/v 

V         «■■»  ••• 

/xxx 

a 

_  xJi^' 

^^      ^B^  •  m^^ 

.       /^/. 

.    p 

^^/^ 

^^       mamm* » 

/xs 

q 

-y^xX 

^t^     m 

\ 

r. — 

s/n 

V       •■  mi^  • 

nn/x 

s  ... 

\N\ 

21       ^"^^  ^■^"  • 

//^ 

t  - 

/ 

^^      •••■ 

N\N\ 

ti  — 

nn/ 

W 

NX 

r 

N^^/ 

^P            •  ^i^^      ^i^HV 

^s/>y 

w 

n// 

K      mmim  •  «^^ 

/k/ 

X 

/vn/ 

^*      •  t^^m  m  m 

v/nn 

jr 

.  /n/^ 

tK 

// 

j: 

//.^ 

Fza.  122. — Cotttiniental  Tdegraphic  Code,  or  the  International  Tele- 
grapbic  Code.  Note  the  fact  that  it  is  only  the  spaced  characters  that 
differ  in  the  Continental  Code  from  those  in  the  American  Morse. 


are  diflferent  These  diflferences  arc  due  to  the  fact 
that  the  Continental  Code  is  employed  for  use  both 
in  the  needle  instruments  and  in  tlie  sounding  ap- 
paratus. In  the  needle  systems,  the  movement  of 
the  needle  to  the  left  represents  a  dot,  while  its  move- 
ment to  the  right  represents  a  dash.  There  is,  how- 
ever, no  ready  method  of  representing  the  spaces. 
Therefore,  the  characters  of  the  Morse  Code,  re- 
quirii^  the  use  of  spaces,  must  nec^sarily  be  repre- 
sented by  different  characters. 
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Another  difference  between  the  American  Morse 
and  the  Continental  Code  is  to  be  found  in  the  fact 
that,  in  the  former,  there  are  fewer  dashes,  and  that, 
consequently,  the  Morse  is  a  more  rapid  code  than 
the  Continental  Code.  Taking  two  equally  expert 
operators,  one  writing  the  American  Code  and  the 
S^wity  of  other  the  Continental  Code,  the  first  will  be  able  to 
Moraecodc.  ^^^  ^^  ^  ^^^^  about  five  per  cent  more  rapidly  than 

the  second.  In  transcribing,  however,  it  is  claimed 
that  a  greater  number  of  errors  are  apt  to  occur  in 
the  American  Code,  owing  to  the  liability  of  mis- 
taking the  spaced  letters  for  double  letters;  for  ex- 
ample, 0  for  ee,  or  h  for  oo,  etc.  Of  course  this 
difficulty  does  not  exist  in  cases  where  the  signals 
are  received  by  sound,  and  would,  therefore,  apply 
mainly  to  the  case  where  the  single-needle  instru- 
ment is  employed.  ^ 

An  expert  operator  can  send  in  the  neighborhood 
sendiiiff.  of  40  ordinary  English  words  per  minute  by  em- 
JSJwt  ploying  the  Morse  Code.  For  a  short  time  a  speed 
telegrapher  ^^  j^jgjj  ^^  ^^  words  a  minute  can  be  attained.    In 

order  to  send  more  rapidly,  for  such  purposes  as  re- 
ports to  the  newspapers,  etc.,  a  system  of  steno- 
telegraphy,  corresponding  to  the  well-known  system 
of  stenography,  has  been  devised  by  W.  P.  Phillips. 
In  this  system  the  letters  of  the  Morse  alphabet  are 
steno-  employed  to  represent  the  various  sounds,  and,  in 
telegraphy,  addition,  a  great  number  of  single  letters,  double 
letters,  and  contractions  of  words  are  employed  for 
arbitrarily  representing  figures,  words,  and  phrases. 
Of  course,  in  this  system,  no  effort  is  made  to  re- 
ceive the  messages  by  sound,  and  some  form  of 
recording  instrument  is  necessarily  employed. 

Having  now  examined  the  general  construction 
and  operation  of  the  telegraphic  apparatus  employed 


\ 
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in  the  Morse  system  of  dectro-magnetic  tdegraphy,  tHUercnce 
we  are  ready  to  inquire  into  the  diflferences  between  JiS  e2J^ 
the  closed-circuited  system  as  employed  in  America  J^Jphte 
and  Canada  generally,  and  the  open-circuited  system  »y»^"»- 
as  employed  on  the  Continent  of  Europe., 

The  general  arrangement  of  apparatus  for  the 
closed-circuited  Morse  Telegraphic  System  is  rep- 
resented in  Fig.  123.  Here  apparatus  are  repre- 
sented such  as  will  be  necessary  in  four  sq)arate 
stations,  of  which  A  and  D  are  the  terminal  stations, 
and  B  and  C  the  intermediate  stations.  The  trans- 
mitting keys  are  represented  at  K,  K,  K,  K,  the  re- 
lays at  R,  R,  R,  R,  and  sounders,  with  local  batt- 


FiG.  233.— The  American  or  Closed-drcnited  Mone  Telegraphic.  System. 

teries,  at  S',  S',  S',  S'.    A  careful  examination  of 
this  figure  will  show  that  only  one  of  the  transmit- 
ting keys,  for  example  that  at  A,  is  opened.     Con- 
sequently, the  entire  circuit  with  all  the  relays  is 
opened,  and  their  coils,  being  no  longer  magnetized,  Ammge- 
the  armatures  are  resting  against  their  back-stops  at  ^^Jas 
X.    During  this  time  none  of  the  remaining  keys  can  American 
close  the  circuit.    When  the  key  at  A  is  operated,  Jt^'lSd' 
all  the  relays  throughout  the  line  will  be  operated  JJg^ph. 
simultaneously,  by  reason  of  the  currents  that  will  ^  •y»*«°- 
be  alternately  sent  into  and  cut  off  from  their  mag- 
netizing coils  as  the  key  at  A  is  closed  or  opened. 
An  operating  circuit  of  this  character  is  sometimes 
called  a  single  circuit,  in  order  to  distinguish  it  from 
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a  multiplex  circuit,  the  arrangement  of  which  will  be 
shortly  described.  It  will  be  noticed  that,  in  the 
closed-circuited  Morse  system,  there  is  a  main  bat- 
tery at  each  end  of  the  line  at  A  and  D.  In  short 
lines  a  single  battery  may  be  employed  at  either  end 
of  the  line,  and,  in  very  long  lines,  a  number  of 
batteries  may  be  inserted  at  some  of  the  intermediate 
stations. 

In  this  system,  when  any  station  on  the  line,  say 
C,  desires  to  speak  with  an  operator  at  another  sta- 
tion, say  A,  the  operator  at  C  opens  his  key,  and 
fatten!  ^^^^  breaks  the  circuit  of  all  the  relays  on  the  line. 
He  then  sends  over  the  line  A's  call,  generally  con- 
sisting of  some  single  letter  or  combination  of  let- 
ters, thus  calling  A  to  his  instrument.  A  now  re- 
plies, showing  that  he  is  ready  to  receive,  and  C 
then  sends  him  the  message.  Although  all  the  other 
operators  on  the  line  can  hear  the  signals  sent,  yet 
they  know  that  the  message  is  for  A  only.  As  soon 
as  C  is  through,  he  closes  the  line,  thus  notifying  the 
other  operators  that  the  line  is  open  for  their  use 
should  they  so  desire. 

In  the  open-circuited  Morse  system,  as  repre- 
sented in  Fig.  124,  there  are  separate  batteries  em- 
ployed at  each  station,  as,  for  example,  at  b,  b,  b, 
^^xjtA  2it  the  three  stations  A,  B,  C,  represented  in  the 
tJ^raphy.  figure.  Here  R,  R,  R,  are  the  receiving  relays,  and 
Sj  s,  s,  sounders,  each  of  which  is  placed  in  the  cir- 
cuit of  the  local  battery  as  represented.  A  ''tell- 
tale" galvanometer,  G,  is  placed  in  the  circuit  of  the 
main  line  at  each  station,  to  indicate  to  the  operator 
the  condition  of  his  transmitted  signals.  The  trans- 
mitting keys  are  so  arranged  that,  when  not  in  use, 
the  batteries  at  the  station  are  cut  out  of  the  circuit, 
but  all  the  relays  are  in  circuit.     Suppose  now  that 
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the  operator  at  any  station,  say  C,  desires  to  send  a 
message  to  the  operator  at  statical  A.  In  order  to 
call  the  operator  at  A,  C  depresses  his  key,  and  thus 
brings  its  front  contact  into  connection  with  the 
battery  at  b.  The  current  from  this  battery  passes 
over  the  entire  line,  and  moves  the  armatures  of  the 
relays  R,  R,  at  stations  B  and  A,  but  does  not  affect 
his  own  armature  at  C,  since  the  depression  of  the 
key  cuts  out  its  relay.  A,  hearing  his  call,  replies, 
and  receives  whatever  message  C  desires  to  send. 


Fig.  i24« — ^Tbe  Continental  or  Open-circuited  Morse  Telegraphic  System. 

While  there  are  advantages  in  each  of  these  sys- 
tems, perhaps,  the  closed-circuited  system  is  prefer- 
able, from  the  ease  with  which  it  is  possible  to  in- 
troduce additional  stations  into  the  line.  All  thatvama«esof 
is  necessary  for  this  purpose  is  to  cut  the  line  wire^cccdtog 
and  introduce  a  key  and  relay,  no  battery  being  re-  ®^*'*™* 
quired.  Consequently,  for  long  Imes  of  railroads, 
the  closed-circuited  system  would  appear  to  be  prefer- 
able. The  open-circuited  system  possesses  the  evi- 
dent advantage  of  only  having  the  circuit  of  the 
battery  closed  while  messages  are  being  sent.  This 
advantage,  however,  may,  perhaps,  be  more  than 
counterbalanced  by  the  fact  that  the  total  battery 
power  required  for  long  lines  is  greater  in  the 
open-circuited  system,  as  well  as  by  the  fact  that 
by  means  of  batteries  at  a  few  points  on  long  lines, 
the  expense  of  caring  for  the  same  is  considerably 
decreased. 
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The  influence  which  the  establishment  of  the 
overland  telegraph  has  had  on  the  civilization 
of  the  world  is  thus  referred  to  by  Elisee 
Reclus,  in  an  article  published  in  1888  on  "The 
Telegraph  the  Highest  Hope  of  the  Progress  of 
Mankind" : 

"Among  the  material  achievements  of  modem 
science,  that  which  gives  us  the  highest  hope  in 
respect  to  the  future  progress  of  mankind  is  the 
SShL  electric  telegraph.  By  this  invention  man  ceases  to 
tei^aph.  be  connected  merely  with  that  part  of  the  globe  on 
which  he  treads  so  lightly;  his  liberty  is  set  free 
from  the  obstacles  imposed  by  space,  and  he  be- 
OHnes,  as  it  were,  personally  present  at  all  the  points 
of  space  which  the  conducting  wire  brings  into  re- 
lation with  his  thoughts.  To  the  power  of  his  ma- 
chinery, which  might  be  compared  to  muscular  force, 
he  adds  the  nervous  forces  afforded  by  fibres  stretch- 
ing in  every  direction;  news,  transmitted  from  cell 
to  cell,  reaches  the  brain  of  man  from  all  the  ends  of 
the  earth,  and  his  expressed  wishes  are  flashed  across 
continents  so  as  to  be  transformed  into  actions  on 
the  other  side  of  the  globe. 

"The  construction  of  electric  telegraphs  did  not 
commence  until  about  ten  years  after  the  completion 
of  the  earliest  railways ;  but  owing  to  the  compara- 
5?d  iiM.  tive  simplicity  of  the  world's  requisite  for  the  es- 
tablishment of  electric  wires,  the  total  length  of 
tel^raph  wires  already  much  exceeds  that  of  the 
iron  roads.  For  an  expense  of  about  £40,000,000 
we  have  been  able  to  set  up  more  than  1,500,000 
miles  of  wire,  a  length  which  would  reach  nearly 
650,000,000  miles  if  we  were  to  reckon  all  the  double 
and  multiple  wires  of  importance.  The  new  wires 
unrolled  every  year  would  be  sufficient  completely 
to  girdle  the  whole  circumference  of  the  planet;  it 
is  the  far-reaching  stretch  of  the  human  will  which 
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is  thus  extended  so  far  over  the  domain  which  it 
has  made  its  own  by  its  skill  and  energy." 

The  above  figures  given  by  M.  Reclus  refer  to  the 
year  1888.     Since  that  time  the  number  of  miles  of 
telegraph  lines  that  have  been  erected  in  different 
parts  of  the  world  has  very  greatly  increased.    Ac-  ejltSSJof 
cording  to  the  Statesman's  Year  Book  .for  1902,  theteSgraph 
total  number  of  miles  of  overland  tel^^raph  wire  °**" 
that  has  been  laid  in  different  parts  of  the  world, 
excluding  Mexico,  Chile,  Guatemala,  Uniguay,  G>- 
lombia,  Peru,  and  Paraguay,  reached  the  enormous 
total  of  3,591,230  miles.    The  total  number  of  mes- 
sages sent  during  the  year  1901  was  425,719,190. 
To  what  a  great  extent  has  Gray's  early  hempen 
cord  grown,  and  how  wonderful  has  been  the  in- 
fluence of  Morse's  first  electro-magnetic  telegraph! 
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CHAPTER   XVI 

LINE      CONNECTIONS     AND     APPARATUS 

"Atmospheric  electricity  is  the  great  enemy  of  overland 
lines;  and  were  it  not  for  the  protection  which  the  present 
S3rstem  of  lightning-dischargers  in  some  measure  affords^  it 
is  probable  that  repeated  sacrifices  of  apparatus,  stations,  and 
even  the  lives  of  the  employees,  would  long  since  have  com- 
pelled the  rejection  of  the  overland  system  and  the  adoption 
of  the  subterranean  and  submarine  only.  The  latter  are  al- 
ways free  from  danger,  and  can  receive  no  injury  from  atmos- 
pheric electricity,  so  long  as  they  are  not  in  electrical  connec- 
tion with  overland  lines." — The  Electric  Telegraph:     SABuns 

O  the  overhead  telegraph  line^  lightnhig  flashes 
were,  at  one  time,  a  continual  menace — both 
to  the  lives  of  the  operators  and  to  the  appa- 
ratus. The  long  line  of  bare  uninsulated  wire  suc- 
ceeded only  too  well  in  doing  just  what  Crosse's 
line,  stretched  over  the  tree-tops  in  England,  had 
done;  viz.,  in  drawing  lightning  from  the  sky. 
Sfc'^/iSph*'  There  was,  however,  this  dfference,  that  while,  in 
fro^iSrht-  Crosse's  case,  the  lightning  flashes  were  heralded 
ning  flashes  ^j^j^  delight,  in  the  more  prosaic  case  of  the  over- 
head telegraph  lines  they  were  greatly  dreaded.  Nor 
was  such  dread  without  reason,  since,  in  the  early 
history  of  the  art,  cases  are  on  record  where  tele- 
graph operators  have  been  killed  while  at  their  posts, 
and  this,  too,  without  the  notoriety  that  attended 
the  fatal  experiment  of  Richman  in  Russia.  As  a 
rule,  however,  the  line  itself  when  long  generally 
offers  a  protection  to  the  operator.  It  may  be  inter- 
esting, in  this  connection,  to  recall  some  of  the  dan- 
gers to  which  the  early  operators  on  telegraphic  lines 
were  thus  subjected.  The  following  is  quoted  from 
Preece,  who  recites  the  observation  of  M.  Breguet : 
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"About  five  o'clock  in  the  afternoon,  during  a 
heavy  fall  of  rain,  the  bells  of  the  electric  telegraph 
at  Le  Vesitret  began  to  ring,  which  led  the  attendant 
to  suppose  that  he  was  about  to  receive  a  communi- 
cation. Several  letters  then  made  their  appearance, 
but  finding  they  conveyed  no  meaning,  he  was  about 
to  make  the  signal  "Not  understood,"  when  sud-Hg2tS5^ 
denly  he  heard  an  explosion  similar  to  a  loud  pistol-  f^^i^** 
shot,  and  at  the  same  time  a  vivid  flash  of  light  was  ^**" 
seen  to  run  along  the  conductors  placed  against  the 
sides  of  the  shed.  The  conductors  were  broken  into 
fragments,  their  edges  being  fused.  The  wires  of 
several  electro-magnets  were  also  broken;  and  the 
attendant,  who  was  holding  the  handle  which  moves 
the  needle,  sustained  all  over  the  body  a  violent  con- 
cussion; several  workmen  standing  about  him  also 
experienced  severe  shocks.  At  the  other  end  of  the 
line,  at  the  Paris  station,  nothing  was  broken,  and 
nothing  remarkable  occurred,  excepting  that  several 
of  the  bells  were  heard  to  ring." 

Preece  adds  to  the  above  the  following  facts  con- 
cerning disturbances  produced  by  atmospheric  elec- 
tricity : 

"At  the  Oundle  Station  of  the  London  and  North- 
western Railway,  considerable  mischief  was  done  in 
1846,  several  of  the  coils  being  burst  open,  and  thep^eeccon 
wires  fused;  and  at  the  Chatham  Station  on  theSgJSJjJ^ 
Southeastern    Railway,    a    flash   of    lightning   de-|°*^ijj" 
stroyed,  in  August,  1849,  the  wire  of  the  bell-coil  {^^"^p** 
and  both  the  galvanometer  coils.    In  India,  which  is 
occasionally  visited  with  storms  of  lightning  such 
as  we  seldom  witness  in  this  country,  the  damage 
done  is  often  much  more  severe ;  and  in  America  the 
disastrous  consequences  resulting  from  the  same 
cause  soon  after  the  establishment  of  the  first  line 
of  telegraph  by  Morse,  in   1844,  rendered  it  im- 
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perativdy  necessary  to  devise  some  means  for  the 
protection  of  the  wire. 

"According  to  the  observations  of  M.  Baumgart- 
ner,  the  direction  of  the  atmospheric  electric  currents 
along  the  tel^japh  wires  is  from  Vienna  to  Som- 
mering  during  the  day,  and  inverse  during  the  night, 
«TOt?OTs  th^  change  of  direction  taking  place  after  the  rising 
in  Gennaoy  2ui(}  setting  of  the  suu.  The  telegraphic  current  is 
less  disturbed  by  irregular  atmospheric  currents 
when  the  air  is  dry  and  the  sky  serene  than  when 
the  weather  is  rainy,  and  the  current  is  more  intense 
with  short  than  with  long  conductors.  When  the 
sky  is  cloudy  and  the  weather  stormy,  currents  are 
observed  sufficiently  intense  to  affect  the  telegraphic 
indicators,  and  the  action  is  stronger  on  the  approach 
of  a  storm." 

It  will  be  remembered  that  experimenters  who,  in 
different  parts  of  the  world,  repeated  the  classic 
experiment  of  Franklin  in  drawing  the  lightning 
Varying  ffom  the  sky,  noted  the  fact  that  dangerous  dis- 
Sfd^SSJic  ch^^&^  could  be  drawn  from  their  insulated  conduc- 
tors, even  when  there  were  no  storms.  They  also 
noted  that  exceedingly  powerful  discharges  were  ob- 
tained during  storms  when  no  discharge  could  be 
observed  to  strike  the  conductor.  Discharges  of  the 
latter  type  are  due  to  the  inductive  action  of  a  neigh- 
boring discharge  on  the  insulated  wire.  It  was  not 
possible,  therefore,  in  these  early  days,  for  operators 
to  ensure  personal  safety  from  lightning  even  if  they 
abandoned  their  posts  during  heavy  thunderstorms, 
since  a  lightning  flash  might  strike  them  any  time 
from  a  clear  sky. 

Since  an  underground  telegraph  line,  whether 
subterranean  or  submarine,  is  never  affected  by  at- 
mospheric disturbances  unless  it  has  some  direct 
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connection  with  an  overhead  line,  it  seemed  at  first, 
in  the  early  history  of  the  art  of  telegraphy,  as  if  all 
the  many  advantages  which  resulted  from  the  use^,^|^ 
of  overhead  wires  would  have  to  be  abandoned,  and  ondt'**^ 
such  lines  replaced  by  underground  lines.    By  prop-  ES!'^*^ 
erly  protecting  the  overhead  wires,  however,  it  soon 
became  possible  practically  to  remove  all  these  diffi- 
culties arising  from  atmospheric  electric  disturb- 
ances, so  that,  as  a  rule,  neither  the  operators  nor 
the  apparatus  are  in  danger  from  direct  or  induc- 
tive lightning  discharges. 

The  disturbances  on  telegraph  lines  due  to  atmos- 
pheric electricity  can  be  divided  into  two  general 
classes ;  viz.,  quiet,  continuous  'discharges,  and  sud* 
den,  momentary,  or  disruptive  discharges.    The  con-  of  currents 
tinuous  discharges  produce  continuous  currents  that  Ey  atmos- 
flow  in  one  and  the  same  direction.     Such  currents  cicctrkity. 
are  caused  as  follows :  As  we  have  already  seen,  the 
atmosphere  is  almost  always  in  a  charged  condition. 
Moreover,  the  character  of  this  charge  rapidly  varies 
from  positive  to  negative.     Now,  in  the  case  of  a 
long  telegraph  line,  extending  for  many  miles  over 
the  country,  wherever  it  happens  that  the  potential 
of  the  air  is  different  between  different  parts  of  the 
line,  the  portions  of  the  line  in  such  districts  receive  continuous' 
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charges  from  the  air,  and  an  electric  current  is  estab-  produced  in 

^  telegraph 

lished,  which  flows  through  the  line  from  the  posi-  Hn«- 
tive  to  the  negative  portion.  Or,  the  passage  of  a 
charged  cloud  over  one  part  of  the  line  may  produce 
a  continuous  current  through  the  neighboring  parts 
of  the  telegraph  line.  While,  however,  the  dis- 
turbances produced  by  such  continuous  currents  are 
annoying,  from  interfering  with  the  delicate  adjust- 
ment of  the  apparatus,  yet,  as  a  rule,  the  currents 
are  not  of  sufficient  strength  to  cause  any  danger 
either  to  the  operators  or  to  the  apparatus. 
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As  is  well  known,  during*  the  prevalence  of  an 
aurora  borealis,  unusual  quantities  of  free  electricity 
teuSpSph-  exist  in  the  air.  During  such  times,  extended  over- 
ic^d«mri>.  j^^j  tel^^aph  Knes  frequently  collect  such  quanti- 
ties of  electricity  from  the  air  as  to  render  the  opera- 
tion of  the  line  impossible.  Reference  has  akeady 
been  made  to  this  in  speaking  of  the  aurora  borealis. 
Walker,  in  his  '^Electric  Telegraph  Manipulation," 
refers  to  such  disturbances  as  follows  : 

^^At  such  times  needles  move  just  as  if  a  good 
working  current  were  pursuing  its  ordinary  course 
along  the  wires.     They  are  deflected  this  way  or 
that,  at  times  with  a  quick  motion,  and  changing 
rapidly  from  side  to  side  many  times  in  a  few  sec- 
onds ;  and  at  other  times  moving  more  slowly,  and 
I^lSdto-  remaining  deflected  for  many  minutes,  with  greater 
STteteT*   or  less  intensity,  their  motions  being  inconstant  and 
IGS.**  ^      uncertain.     These  phenomena  have  occurred  less  fre- 
quently on  the  part  of  the  line  between  Rdgate  and 
Dover,  which  runs  nearly  E.  and  W.,  than  on  the 
part   between    London    and    Reigate,    which   runs 
nearly  N.  and  S.     When,  however,  they  do  make 
their  appearance  on  the  telegraph  in  those  parts,  we 
are  prepared  to  expect  auroral  manifestations  when 
night  arrives,  and  we  are  rarely  disappointed.     The 
deflections  in  their  variations  appear  to  coincide 
with  the  various  phases  of  the  aurora.     On  the 
branch  line  running  from  Ashford  to  Ramsgate, 
these  deflections  have  been  a  much  more  common 
occurrence,  even  when  the  parts  of  the  line  were 
unaffected,  and  when  no  auroral  phenomena  were 
noticed.     This   branch   nearly  coincides   v^th  the 
curve  of  eqtuil  dip'' 

Disturbances  produced  by  inductive  or  direct 
Kghtning  flashes,  however,  are  of  a  very  different 
character,  since^  in  these  cases,  the  amount  of  the 
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charge  may  be  so  great  as  to  be  exceedingly  dan- 
gerous.    Where  wooden  poles  are  employed,  in  or-  Liffhtning- 
der  to  permit  the  highly  chai^ged  line  wire  to  readily  ^i^'in 
dischaiige  to  the  ground,  the  poles  every  now  andjjjg!*'** 
then  are  provided  with  a  wire  extending  a  short 
distance  above  the  top  of  the  pole,  and  passing  to 
the  ground,  care,  of  course,  being  taken  to  so  place 
the  lightning-rod  that,  if  accidentally  bent,  it  shall 
not  come  in  contact  with  any  of  the  line  wires  or 
conductors. 

But  some  device  is  necessary  in  order  to  protect 
the  operators  and  the  apparatus  in  the  station  from 
the  discharge  of  the  line  through  the  station  itself. 
This  is  accomplished  in  a  variety  of  ways.     It  is  a 
fortunate  circumstance  that  a  lightning  flash  con- 
sists of  a  number  of  separate  momentary  discharges,  JSSii^raph 
that  flow  alternately  in  opposite  directions.     Such  }}°gi^°„g 
alternating  currents  or  discharges  find  a  great  im- ^**^'**'*^*^ 
pedance  offered  to  their  passage  by  the  line  wires  or 
conductors,   owing  to  the  extremely  high  induc- 
tance possessed  by  the  many  turns  of  fine  wire  on  the 
receiving  relays  and  other  apparatus.     So  great, 
indeed,  is  this  impedance  that,  as  we  have  already 
seen,  a  lightning  flash  will  find  a  smaller  resistance 
in  a  comparatively  short  air  gap,  than  it  will  in  the 
resistance  of  the  coils  of  wire  on  the  apparatus. 
Lightning  arresters,  therefore  (of  the  saw-tooth,  or 
similar  type),  very  much  like  those  used  for  the 
protection  of  telephone  lines,  may  be  employed.    A 
well-known  form  of  this  type  of  arrester  is  shown  saw-tooth 
in  Fig.  125,  where  L^  and  Lj  are  respectively  thelJ^eSira 
incoming  and  outgoing  line  wires.     These  wires  ^ph  unci. 
arc  connected,  as  shown,  through  two  brass  plates',  A 
and  C,  with  the  wires  a  and  c,  which  enter  the  sta- 
tion that  is  to  be  protected.     Both  plates  of  brass, 
A  and  C,  are  provided  with  saw-shaped  teeth,  cm  the 
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edges  that  face  the  ground  plate  B,  also  furnished 
with  saw  teeth.  B  is  connected  to  the  earth  by  a 
ground  wire,  G.  Should  a  lightning  flash  or  non- 
inductive  discharge  affect  the  line,  the  impedance 
in  the  lines  a  and  c,  due  to  the  presence  of  many 
turns  of  insulated  wire  on  the  rdays  or  other  ap- 
paratus, would  render  it  far  easier  for  the  discharge 
to  jump  across  the  minute  air  spaces  that  exist  be- 
tween the  saw  teeth  intervening  between  A  and  B, 
and  the  ground  plate  C,  and  thus  protect  the  office. 
In  this  way,  therefore,  the  discharge  never  enters  the 


office,  but  passes  harmlessly  to  the  ground.  It  will 
be  seen  that  the  form  of  lightning  arrester  shown  in 
this  figure  is  practically  the  same  as  that  explained  in 
connection  with  the  protection  of  telephone  lines 
from  lightning  discharges. 

In  the  film  lightning  arrester,  instead  of  a  film  of 
air  being  interposed  between  the  line  plate  and  the 
ground  plate,  there  is  a  film  of  some  other  non-con- 
ducting material,  such  as  a  sheet  of  thin  paper  that 
has  been  dipped  in  paraffine  wax.    A  film  lightning 
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arrester  is  represented  in  Fig,  126,  where  two  sepa- 
rate line  wires  or  conductors,  L,  and  Lj,  come  irtto 
the  ofiice  from  the  pole  Hnes.  Two  plates  or  strips 
of  brass  connect  with  the  line  wires.  On  these  is 
placed  a  thin  sheet  of  paraffine  paper,  that  rests  on 
a.  grotmd  strip  connected  with  the  earth  by  a  wire  at 
G.  The  sheet  of  paraffine  paper  is  pressed  firmly 
against  these  brass  strips  by  a  brass  screw  clamp,  C. 
When  a  discharge  strikes  the  line  wire,  the  imped- 
ance of  the  line  renders  it  much  easier  for  the  dis- 
chai^  to  penetrate  the  paper,  and  so  escape  to 
ground,  than  to  pass  through  the  coils  of  wire  on  the 
instruments.     It  will  be  noticed  that  this  form  of 
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film  lightning  arrester  operates  on  similar  principles 
to  the  safety  film  cut-out,  employed  on  series  incan- 
descent lamp  circuits  for  the  purpose  of  preventing 
the  extinguishing  of  a  single  lamp  from  throwing 
the  entire  series  of  lamps  out  of  service. 

Lightning  arresters  of  the  above  types  depend 
for  their  operation  on  the  violence  of  Ihe  lightning 
discharge,  that  is,  on  the  great  impedance  which  is 
presented  to  a  rapidly  alternating  high-potential  dis-  di^h^!^ 
charge.     It  is  a  curious  fact  that  when  such  dia-^^^^^ 
charges  lack  this  violence,  except,  of  cour^,  in^JSivEot 
impulsive  rush  discharges  from  which  no  arrester 
can  ensure  protection,  they  may  readily  produce 
more  damage  in  die  station,  at  least  so  far  as  the 
appanUus  ia  CQn<xnied,  than  the  more  violent  dia< 
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charges.  For,  whenever  the  impedance  of  the  line 
becomes  so  small  from  any  cause  that  a  part  of  the 
discharge  can  flow  through  the  coils  of  wire  in  the 
station,  such  currents  may  readily  be  of  sufficient 
strength  to  fuse  or  otherwise  destroy  the  instru- 
ments. Consequently,  it  is  necessary  to  provide, 
in  connection  with  the  saw-tooth  lightning  protec- 
tor, some  other  form  of  protector.  This  is  espe- 
cially the  case  at  the  present  day,  when  electric  light- 
ing and  power  circuits  are  so  apt  to  send  dangerous 
leakage  currents  into  the  main  telegraph  lines. 
Against  such  currents  the  saw-tooth  arrester  pro- 
Mw-tooth  vides  no  protection.  It  is  now  generally  the  custom, 
protStSri  not  only  in  telegraph  and  telephone  lines,  but  in  all 
fycombiSS  lines  exposcd  to  lightning  discharges,  to  combine 
J^Si.**'*"  with  the  saw-tooth  protector  some  form  of  protector 
of  the  class  generally  known  as  a  sneak-current  pro- 
tector. A  common  form  of  such  protector  consists 
of  the  well-known  form  of  safety  device  called  the 
safety  fuse.  This,  as  we  have  already  seen,  con- 
sists of  a  thin  wire,  either  of  metal  or  of  a  metallic 
alloy,  that  readily  permits  the  current  required  for 
the  operation  of  the  line  to  pass,  but  which  is  in- 
stantly fused  by  the  passage  of  a  stronger  current. 
Various  alloys  of  lead,  German-silver  wire,  or  thin 
copper  wire  are  employed  for  this  purpose.  Since 
the  resistance  of  a  given  length  of  the  fuse  wire  is 
much  higher  than  the  resistance  of  an  equal  length 
of  the  line  wire,  it  is  impossible  for  a  current  be- 
yond a  certain  predetermined  strength  to  pass 
through  the  fuse  wire.  Of  course  the  melting  or 
the  blowing  of  the  fuse  instantly  opens  the  circuit, 
so  that  the  line  becomes  disabled  until  the  break 
is  connected  by  another  fuse. 

Various  plans  have  been  devised  for  readily  re- 
placing the  fuse  wire.    In  some  cases  the  fuse  wire 
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is  supported  on  a  thin  sheet  of  mica,  the  ends  of 
which  are  famished  with  metallic  plates  for  ready 
insertion  between  parallel  clips,  in  the  manner  shown  for^S^diy 
in  Fig.  127.  Here  the  fuse  wire  is  shown  on  an  en-  rB!o5?^ 
larged  scale  at  the  bottom  of  the  figure,  in  its  place  ^"^  "^"^ 
between  two  vertical  clips,  C,  C,  at  the  top  of  the 
figure.     Such  a  mica  strip,  with  its  fuse  wire,  is 
similar  to  that  shown  in  connection  with  the  car- 
bon block  lightning  arrester  for  the  telephone. 


Combina- 


PiG.  laj.— Western   Unioo   Company's   Fuse   Wire,   showing   method   for 

readily  inserting  same  in  a  circuit. 

When  the  fuse  wire  is  employed  in  connection 
with  the  saw-tooth  form  of  lightning  afrester,  pro- 
tection is  ensured  against  both  the  violent  disrup- 
tive discharges  and  the  sneak  currents,  or  the  quiet 
discharges.  A  lightning  arrester  provided  with  both 
these  forms  of  protection  is  shown  in  Fig.  128,  where  tio°3' 
the  arrester  is  represented  as  being  placed  on  a  wall  SSS^ 
outside  the  tel^^aph  office.  The  ground  plate  is  wire!™* 
connected  to  earth  by  the  wire  T.  The  line  wire  L, 
connected  to  the  plate  P,  passes  thence  through  a, 
through  the  fuse  wire  to  b,  and  to  the  office.  Be- 
tween a  and  &  is  a  glass  tube,  inside  of  which  is  a 
fine  iron  wire,  which  is  fused  should  the  current 
become  too  strong. 

Another  form  of  lightning  arrester  consists  in 
a  device  by  means  of  which,  should  the  current 
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Strength  passing  become  too  great,  the  circuit  of  the 
line  wire  is  automatically  opened  or  broken  by  the 


Pro.  iiS. — Comlnnation  of  S«w-tooth  and  Fiue-wire  tJgtitniiig  Arnwter. 

release  of  a  spring  device  operated  by  the  armature 
jn^"K  of  an  electro-magnet.  Such  an  arrester  is  called 
an  electro-magnetic  lightning  arrester.  In  such  an 
arrester  an^  electro-magnet,  M,  Fig.  129,  has  its 
magnetizing  coils  connected  to  the  circuits  of  the 


nu£iutl< 

iigtiuilog: 


instruments  to  be  protected.  The  line  wire,  L,  is 
connected  to  a  binding  post,  <h  A  brass  lever.  A, 
is  held  in  the  position  represented  by  the  lock  catch 
at  h,  against  the  tension  of  a  spring,  S.  The  coils 
of  the  electro-magnet,  M,  are  connected  respectively 
with  the  metallic  catch  h,  and  with  the  instruments 
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that  are  to  be  protected,  by  means  of  the  binding  post 
m.  The  circuit  connections  are  as  follows:  From 
the  line  wire  through  A  and  h  to  the  coils  of  the 
electro-magnet  and  the  instruments.  As  long  as 
the  current  strength  which  it  is  designed  to  main- 
tain on  the  line  in  passing  through  this  circuit  is 
not  exceeded,  the  line  remains  intact,  but  should 
the  current  strength  pass  the  predetermined  amount, 
the  attraction  of  the  armature  of  the  electro-magnet, 
M,  releases  the  lock  catch  h,  and  the  lever  A  springs 
back,  thus  breaking  the  circuit  of  the  line,  and  ren- 
dering it  impossible  to  maintain  an  arc 
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Objections 


Fio.  130. — The  Electro-thermic  or  Hot-wire  Lightning  Arrester. 

The  electro-magnetic  form  of  lightning  arrester 
is  objectionable  owing  to  the  fact  that  it  tends  to 
break  the  circuit  of  the  line  too  frequently,  and  that, 
moreover,  it  does  not  form  an  efficient  protection 
against  alternating  currents.  In  order  to  overcome 
this  last  objection,  the  electro-magnetic  arrester  hasti^elStr^ 
been  modified  in  the  manner  shown  in  Fig.  130.  fJUhtnUg 
This  operation  of  the  instrument  is  based  on  the*"**'"' 
well-known  fact  that  whether  an  electric  current  is 
of  the  direct  or  of  the  alternating  type,  it  will  pro- 
duce an  increase  in  the  temperature  of  the  circuit 
through  which  it  passes.  Here  a  short  wire,  W, 
of  high  resistance,  always  in  the  circuit  of  the  arres- 
ter, is  connected  as  shown  to  the  bent  lever  S, 
pivoted  at  X.      Under  normal  conditions,  the  free 
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end  of  this  lever  is  held  against  the  stop  C^  a  diort 
distance  from  P,  that  is  connected  to  tiie  eartii  at  E. 
The  tension  of  the  wire  W  is  such  that  it  v&  just  able 
fhS^  to  keep  S  in  firm  contact  with  C,  against  the  actioo 
a?r«tCTf  of  a  spring.  Should,  however,  the  strength  of 
the  current  passing  through  W  become  too  great, 
the  wire  expands,  and  the  tension,  becoming  lesr 
sened,  permits  the  lever  S  to  fall  into  contact  with 
P,  and  so  ground  the  line. 

Where  the  line  wires  or  conductors  enter  a  tele- 
graph oflfice,  they  are  connected  with  a  piece  of  ap- 
paratus called  a  switchboard,  that  corresponds  in 
general  to  the  telephonic  switchboard.  The  object 
Jraphilr  of  the  telegraphic  switchboard  is  to  enable  the  chief 
ESiS*  operator  to  readily  change  the  connection  of  the 
line  wires  and  batteries  to  the  different  desks,  where 
each  operator  is  provided  with  his  receiving  and 
transmitting  instruments.  Telegraphic  switchboards 
can  be  divided  into  main-office  switchboards  and 
way  or  intermediate-office  switchboards.  The  gen- 
eral principle,  however,  is  the  same  in  each. 

The  general  arrangement  of  a  main  office  switchr 
board  is  represented  in  Fig.  131.     Here  a  single 
board  or  a  series  of  boards    is  employed,  accord- 
ing to  the  number  of  separate  Une  wires  entering 
.         the  office,  generally  placed  in  a  convenient  vertical 
tdmpii.  position  in  the  office.     On  the  front  face  of  the 
£i!lrd.       board  a  series  of  brass  bars,  !»  2,  3,  4,  5,  6,  etc., 
called  straps,  are  placed,  while  on  the  bade  of  the 
board  a  series  of  horizontal  strips  of  brass,  a,  h, 
c,  d,  e,  etc.,  are  placed  at  right  angles  to  the  straps. 
Metallic  disks,  D,  D,  D,  D,  etc,  connected  with  the 
horizontal  strips  at  the  back  of  the  board,  pass 
through  holes  in  the  board  to  its  front  surface; 
where  they  terminate  flush  with  the  surfaces  of  the 
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Straps.    These  disks  are  provided  with  semicircular 
notches  for  the  insertion  of  pin  or  peg  plugs.    One 


of  these  plugs  is  shown  in  Fig.  132,    It  consists  of 
a  simple  brass  plug,  provided  with  an  insulating  p'oe^ 
head  of  hard  rubber.     The  metallic  shank  of  the 


Fia.  iji. — Pin  Plug  of  TeleKrapfaic  Swilchboard.  Note  the  tlols  in  the 


plug  is  slotted  as  shown  so  as  to  ensure  the  requi- 
site elasticity.  On  the  insertion  of  this  plug  in  tlie 
various  apertures  at  D,  D,  Fig.  131,  connection  is 
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ensured  between  the  metallic  straps  and  the  strips. 
A  board  in  which  the  connections  are  made  in  this 
way  is  generally  called  a  peg  switchboard. 

Teiegrtph-      spring  jacks,  somewhat  similar  in  construction 

iSc'ffSSi    to  the  spring  jacks  employed  in  telephone  switch- 

g^iwkeh.  boards,  are  placed  at  the  bottom  of  the  switchboard 

between  each  row  of  vertical  straps.     Sometimes 


Fio.  133-— WHtcrn  Union  Peg  Swilchbiurd  >nd  Spring-jack  Board. 

two  such  spring  jacks  are  placed  at  the  bottom  of 
each  of  the  vertical  rows  of  straps.  The  general 
construction  of  the  spring  jacks  is  represented  at 
the  top  of  Fig.  133  with  a  spring-jadc  wedge  or 
double-cord  plug  connected  with  instruments  in- 
serted in  a  particular  spring  jack.  At  the  lower 
part  of  the  same  figure  is  represented  a  form  of  the 
Western  Union  Telegraph  Company's  peg  switdi- 
board.  Here  the  spring  jacks  are  shown  connected 
with  the  face  of  the  board  below  the  straps. 
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Referring  now  again  to  Fig.  131,  it  will  be  no- 
ticed that  the  main  battery,  MB  and  MB',  ts  di- 
vided into  two  separate  secticms,  with  one  of  the 
elements  or  plates,  i.e.,  the  positive  -}-  or  the  copper 
element,  connected  with  the  horizontal  strip  at  Pb, 
and  its  negative  —  or  zinc  element  connected  with 
the  strip  at  Pc,  the  battery  being  grounded  or  con-  ?^iS^"pb. 
nected  with  the  earth  in  the  manner  shown.  If  the  £,lSJ^''' 
chief  operator  should  desire  to  connect  the  n^ative 
end  of  the  main  battery  to  the  line  conductor,  it  is 
CKiIy  necessary  to  insert  a  cord  plug,  so  as  to  con- 
nect any  strap  with  a  desk,  as,  for  example,  at  P, 


Fio.   134. — Time-circuit  way  Tetegrxphic  SwitchboBrd. 

as  in  the  figure.  Since  each  wire  entering  the 
office  is  connected  with  some  particular  strap,  it  is 
clear  that,  by  the  removal  of  the  spring-jack  wedge 
from  one  spring  jack  to  another,  any  instrument 
at  any  desk  may  be  readily  placed  in  connection  with 
the  ends  of  any  line  wire  entering  the  office,  since 
each  desk  in  the  office  is  connected  with  a  cored  plug 
at  the  switchboard. 

A  way-line  switchboard,  the  name  generally  ap- 
plied to  the  switchboard  employed  in  an  interme- •■Vch. 
diate  station,  is  represented  in  Fig,  134,  arranged 
for  three  separate  lines.      The  incoming  and  out- 
going lines  are  connected  with  the  binding  screws 
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shown  at  the  top  of  the  figure,  which  are  con- 
nected with  the  vertical  straps.  The  binding-  posts 
at  the  right4iand  side  of  the  f^re  are  connected 
with  the  horizontal  strips,  and  with  the  apparatus 
in  the  office.  Immediatdy  below  the  binding  posts 
that  are  connected  with  the  line  wires  are  placed 
three  lightning  arresters.  In  tiie  switchboard  rep- 
resented in  this  figure,  the  pegs  are  diown  as  in- 
serted in  such  positions  that  the  line  on  the  left-hand 
side  of  the  figure  is  connected  with  one  of  the  ver- 
tical straps  and  one  of  the  strips.  The  second  and 
third  lines  are  also  represented  as  so  connected, 
while  the  third  line  on  the  right  is  represented  as 
being  grounded  by  the  insertion  of  a  peg  in  the 
upper  right-hand  hole. 


r  Line-tapping  Clamp.     NoI< 


Sometimes,  during  an  emergency,  such  as  a  cot- 
lisicm  on  a  railroad,  it  ts  necessary  qukkly  to  make 
a  connecticHi  with  the  nearest  station,  in  order  to 
send  a  call  for  help.  In  the  American  Morse  closed- 
circuited  system,  this  is  readily  done  by  merely  cot- 
ting  the  telegraph  wires  and  inserting  a  key  and 
relay  in  the  break.  In  order  readily  to  make  this 
insertion,  a  simple  device,  called  a  line-taf^ng 
clamp,  is  employed.  In  the  iorm  of  clamp  repre- 
sented in  Fig.  135,  and  called  from  its  shape  the 
circular  line-tajqiing  clamp,  the  line  wire  is  insoled 
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in  the  slot  provided  between  the  two  vertical  bind- 
ing posts.  When  firmly  clamped  in  position,  the 
wire  is  cut  in  two  by  means  of  a  knife  or  saw.  Since 
the  two  halves  of  the  circular  clamp  are  insulated 
frc«n  each  other,  the  mere  insertion  of  the  relay 
and  key  places  this  improvised  station  in  amnection 
with  the  line.  When  the  improvised  station  is  no 
longer  required  to  be  emploj^,  a  piece  of  wire  is 
inserted  in  the  cut,  so  as  to  complete  the  line,  and 
the  clamp  is  then  left  in  p08iti«i  until  a  regular 
lineman  repairs  the  line  at  this  point 

For  convenience  in  case  of  emergency  stations, 
a  compact  form  of  key  and  relay  are  combined  in  a 


PiO.    136. — Canbined  TelesisphiG   Relajr  and  Kej. 

single  instrument,  which  can  be  made  of  such  small 
dimensions  as  will  permit  it  to  be  readily  carried  in  ^Sf"**^ 
the  breast  or  hip  pocket.    Such  a  piece  of  apparatus,  j^r  »»J 
called  a  combined  pocket  rday  and  switch,  is  rep- 
resented in  Fig.    136. 

There  is  sometimes  a  difficulty  experienced  by 
operators  in  readily  receiving  the  message  from  the 
sounder,  owing  either  to  the  noise  in  a  railroad  j^^f^. 
station,  or  to  the  fact  that  the  operator  is  employing  "bii  ^ 

the  noisy  typewriting  machine  for  recording  the™ "" 

message.  In  such  cases  the  expedient  is  frequently 
adopted  of  surrounding  the  instruments  by  resound- 
ing cases  of  dry  wood,  so  as  to  strer^^then  the  sound. 
Such  an  instrument  is  rqiresented  in  Fig.  137.    Here 
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the  height  of  the  box  sounder  is  capable  of  being 
readily  adjusted,  said  adjustment  being  necessary 
not  only  for  the  ccaivenience  of  the  operator,  but 
also  to  avoid  disturbances  with  other  operators  in  the 
neighborhood  of  the  sounder. 


indinc  ReceiTliix  InitnuneBt. 


Where  the  length  of  the  line  is  not  excessive,  the 

miung    sounds  produced  by  the  receiving  relay  are  suffi- 

"•'■        ciently  loud  to  permit  the  operator  to  dispense  with 

the  ordinary  sounder,  and  receive  the  message  di- 


g  Telcgrtphic  ReUr- 


rectly  from  the  relay  by  sound.  Where  this  is  dcme, 
it  is  custwnary  to  surround  the  relay  by  a  case  of 
light  wood,  so  as  to  increase  its  sound  in  a  manner 


iflw  coNimcnoirs  and  apparatus 

similar  to  that  of  the  box  sounder  just  described. 
A  form  of  sach  a  box-sounding'  relay,  employed  "by 
the  Western  Union  Td^jaiA  Company,  is  shown 
in  Fig.  138. 

Where  recmrding  instruments  are  employed,  as  is 
the  case  for  a  variety  of  purposes  in  telegraphy,  in- 
stead of  placing  the  characters  received  as  indented 
or  embossed  characters  on  a  paper  fillet,  as  already 


CCDCtsI  appearance  of  the  ctaarBcten  alrcadj  marked 
ribbon  F. 

described,  some  form  of  ink  recorder  or  raster  is 
used.  Here  the  armature  lever  of  the  dectro-mag- 
net,  M,  Fig.  139,  is  provided  with  a  flat  sleeve,  con-Jj 
taining  a  guide,  through  which  the  paper  fillet  passes 
just  bdow  a  disk,  D,  which  is  maintained  in  constant 
rotation  by  the  same  clock-work  that  moves  the 
paper  fillet.  R,  R',  are  two  rollers  moved  by  clock- 
work and  employed  for  moving  the  paper  fillet.  The 
edge  of  tiie  disk  is  kept  moistened  with  ink  from  an 
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ink  roller,  I.  As  the  armature  of  the  dectro-magnet 
is  moved  toward  and  from  the  magnet  poles,  the 
paper  fillet  is  moved  alternately  upward  against  the 
inking  disk  D,  and  away  from  it.  The  disk  D, 
therefore,  will  mark  dots  and  dashes  on  the  paper 
fillet,  according  to  the  length  of  time  the  disk  is 
kept  pressed  against  it. 

On  long  telegraph  lines  it  is  necessary  automati- 
cally to  repeat  the  message  sent  into  the  line.  This, 
Telegraph-  ^  we  have  secn,  was  done  by  Morse  in  his  early 
k  repeaters  system  of  elcctro-magnetic  td^^aphy.  It  is  possible 
satisfactorily  to  operate  telegraph  lines  without  any 
repeaters  for  a  distance  of  say  600  miles.  Beyond 
this  limit,  however,  repeaters  are  advisable.  The 
telegraph  line  extending  from  New  York  City  to 
Galveston,  Texas,  a  distance  of  some  1,800  miles, 
is  operated  by  means  of  three  separate  repeaters. 
Lines  extending  between  New  York  and  San  Fran- 
cisco require  some  six  separate  repeaters. 

In  order  to  be  able  readily  to  repeat  from  one  line 
Button  and  to  another,  a  class  of  instruments,  called  button  re- 
?ep^!^  peaters,  are  employed.  These  devices  are  operated 
by  hand,  and  permit  messages  to  be  repeated  in  dther 
direction.  In  order  to  avoid  the  expense  of  an 
operator  to  attend  to  these  repeaters,  various  forms 
of  automatic  repeaters  have  been  devised. 

The  dectricity  required  for  the  operation  of  an 
extended  system  of  telegraph  lines  is  obtained  dther 
blut?^  from  voltaic  batteries  or  from  djmamo-dectric  ma- 
chines. Where  batteries  are  employed,  there  is  al- 
most invariably  employed  some  form  of  Danidl's 
constant-current  battery.  Here  the  form  that  is 
practically  always  used  is  the  modification  known  as 
the  gravity  cell,   this  form  bdng  espedally  wdl 
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adapted  for  such  work.  It  does  not  polarize,  and, 
unlike  the  Daniell  cdl,  it  is  readily  kept  in  order. 
This  form  of  cell  consists  of  a  plate  of  cc^>per,  C,  fiJJJJ^Seii. 
Fig.  140,  placed  at  the  bottom  of  a  glass  jar,  and 
provided  with  an  insulated  wire  passing  through  the 
liqnid  to  the  outside  of  the  cell.  The  zinc  element 
consists  of  a  plate  of  zinc,  provided  with  a  number 
of  CMiical-shaped  heads,  as  represented  in  the  figure 
at  Z,  Z. 


— c>K] 


Fio.  140. — GtaTily  o 

The  gravity  bluesttme  battery  is  readily  kept  in 
order.  When  the  lighter  sulphate  of  zinc,  which 
floats  on  the  top  of  the  copper  sulphate,  becomes 
too  concentrated,  it  is  removed  by  a  siphon,  the 
liquid  being  replaced  by  water.  A  small  quantity 
of  bluestone  is  then  thrown  into  the  liquid.  In  large  ™i^ 
stations  a  very  great  number  of  separate  gravity  cdls  bliw^ 
are  connected  together,  generally  in  series-con- 
nected batteries,  in  order  to  obtain  the  high  E.M.F. 
required  for  the  proper  operation  of  the  lines.  In 
order  to  prevent  the  excessive  loss  of  liquid  by  evap- 
oration, it  is  customary  to  [Jace  scwne  form  of  paraf- 
fine  oil  on  the  surface  of  the  hquid.  The  use  of  this 
oil  also  serves  the  purpose  of  avoiding'  difficulties 
whidi  arise  from  the  creeping  of  the  salts ;  i.e.,  the 
dimbmg  of  the  solution  of  zinc  sulphate  over  the 
io^  of  the  battery  jar,  and  its  subsequent  crystal- 
Uution  oa  the  evaporation  of  the  water.     The 


ELECTRICITY   IN   EVEST-DAT   LIFE 

battery  is  placed  where  it  is  easily  reached,  for 
example,  on  an  open  shelving,  as  in  Fig.  141,  where 
a  series-connected  battery  of  48  bluestone  cells  is 
represented. 

When  the  bluestone  battery  is  in  good  working 
order,  there  will  be  observed  a  distinct  line  of  de- 
marcation where  the  colorless  solution  of  sulphate 
of  zinc  floats  on  the  top  of  the  denser  blue  copper 


sulphate  solution.  When  this  line  of  demarcation 
is  not  well  marked,  and  the  liquid  assumes  a  dirty 
appearance,  the  cell  needs  refilling.  A  good  blue- 
stone  battery  should  continue  to  furnish  current  for 
a  period  varying  from  four  to  six  weeks. 

Dynamo-electric  machines  are  now  rapidly  com- 
ing into  general  use  for  the  purpose  of  supplying  the 
current  employed  on  tel^jraph  lines.  The  value 
of  the  E.M.F.  required  will,  of  course,  depend  on 
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the  length  of  the  td^^aphic  line,  as  well  as  on  the 
character  of  the  apparatus  employed.    For  example, 
a  single  wire  between  say  New  York  and  Boston, 
200  miles,  might  require  some  75  separate  cells,  of*iSu3c 
while  one  from  New  York  to  Buffalo,  430  miles, 5|Si?edfor 
might  require  150  cells,  but  this  only  for  single  or  JS^^pi^. 
ordinary  transmission.     In  the  quadruplex  system,**""*^ 
where  four  separate  messages  are  simultaneously 
transmitted  over  a  single  wire,  in  a  manner  that  we 
shall  shortly  describe,  the  battery  power  would  nec- 
essarily be  larger  in  any  of  the  above  cases. 


A«fir« 
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Fi&  14J. — ^Field's  Axrangemcnt  of  Djrnamos  for  Telegraphic  PurpoMS. 


In  order  readily  to  obtain  the  various  E.M.F.'s 
required  for  lines  of  different  lengths,  a  number  of 
separate  dynamos  are  employed  connected  in  series. 
Connections  are  made  to  the  line  wires  requiring  the  usc  of 
different  potentials  from  different  points  of  such  brSTiSc* 
series-connected  dynamos.     The  arrangement  for[?*SSSS?" 
this  purpose,  represented  in  Fig.  142,  is  that  devised 
by  S.  D.  Field,  and  is  now  in  use,  with  some  slight 
changes,  in  practically  all  the  large  offices  of  the 
Western  Union  Telegraph  Company.     As  repre- 
sented in  this  figure,  separately  excited  dynamos,  of  • 
the  Siemens-Alteneck  type,  are  employed.    The  ex- 
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citer  is  shown  at  E,  the  currents  from  this  machine 

being  sent  successively  through  the  field  magnets  of 

the  separate  dynamos  A,  B,  C,  and  D.    Each  of  these 

dynamos  is  wound  to  produce  an  E.M.F.  of  80  volts. 

It  will  be  noticed  that  A,  B,  C,  and  D  have  their 

armatures  connected  together  in  series,  so  that  the 

voltage  produced  by  A,  B,  C,  and  D  will  be  80,  160, 

240,  and  320  volts  respectivdy.    The  circuit  of  these 

machines  is  as  follows :  from  earth  at  E'  to  the  lower 

brush  of  A ;  from  this  through  the  armature  of  A  to 

its  upper  brush  and  to  Xy  where  the  circuit  branches, 

one  branch  passing  to  such  line  wires  as  do  not 

require  a  pressure  greater  than  80  volts  (marked 

first  potential).     Here  the  current  passes  through 

SSmo?"     resistance  coils  of  German  silver  wire,  by  which, 

faJliSd'a    within  certain  limits,  the  potential  can  be  varied  on 

tS*^phic  the  lines  connected  at  this  point.    The  other  branch 

dynamoi.    ^£  ^j^^  ^j^.^  ^^  ^  passcs  to  the  lowcr  brush  of  the 

djmamo  B,  and  then  through  its  armature.  Since 
there  is  thus  added  to  the  E.M.F.  produced  by  B  an 
equal  E.M.F.,  the  upper  brush  of  this  dynamo  will 
deliver  a  pressure  of  160  volts  to  the  branch  at  y, 
so  that  a  pressure  twice  as  great  will  be  delivered 
to  the  lines  mariced  second  potential  in  the  figure. 
The  other  branch  of  x^  passes  in  the  same  way  to 
the  lower  brush  of  C,  and  then  to  x'^y  and  the  dy- 
namo D,  so  that  the  potentials  delivered  by  these 
last  two  dynamos  will  be  240  and  320  volts  respec- 
tively. Since  the  machine  at  A  is  required  to  furnish 
a  greater  proportion  of  current  than  the  others,  it  is 
wound  so  as  to  be  able  to  do  this  without  over- 
heating. 

As  we  shall  see  when  we  describe  the  operation 
of  the  duplex  and  quadruplex  systems  of  telegraphy, 
there  is  needed,  for  the  operation  of  the  apparatus 
employed  in  these  systems  frequent  reversals  in  the 
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direction  of  the  current  sent  over  the  line.  Since  it 
is  not  possible  in  practice  rapidly  to  reverse  the  po- 
larity of  large  dynamo-electric  machines  which  are 
furnishing  E.M.F.  for  a  great  number  of  wires,  woiifica. 
these  reversals  in  polarity  are  obtained  by  operating  ^«^^^^^ 
two  series  of  five  djmamos  each,  one  of  these  series  ^**2S£?** 
being  connected  so  as  to  furnish  positive  polarity, 
and  the  other  to  furnish  negative  polarity.  In  order 
to  guard  against  the  failure  of  either  the  positive  or 
the  n^^tive  series,  there  is  provided  an  additional 
series  of  five  spare  dynamos,  so  connected  with  ap- 
paratus that  they  can  readily  furnish  positive  or 
n^^tive  polarity  should  either  of  the  preceding 
series  break  down.  Such  an  arrangement  is  em- 
ployed in  the  main  Western  Union  Telegraph  office 
in  New  York  City,  this  system  requiring  the  em- 
ployment of  fifteen  separate  dynamos  in  order  to 
supply  the  current  required  on  the  various  lines 
going  out  of  this  great  office. 

In  some  of  the  large  telegraph  offices,  dynamos 
are  employed  to  furnish  the  current  required  for  the 
operation  of  the  local  circuits.  In  such  cases,  the 
circuits  of  the  sounders  are  connected  in  parallel 
with  the  circuit  of  the  dynamo,  the  coils  of  the 
sounders  being  wound  for  a  resistance  of  about  40 
ohms  each.  Dynamos  are  also  extensively  employed 
in  large  cities  for  operating  stock  tickers  and  similar 
instruments. 

Besides  the  employment  of  d)mamos,  the  storage 
battery  has  come  into  somewhat  extended  use  ii^uacofthe 
telegraph  offices.     In  such  cases,  a  motor  dynamo,  j^^k*  ^^ 
driven  by  current  taken  from  the  incandescent  lamp  ^^^p** 
mains,  is  employed  to  produce  the  current  necessary 
for  the  charging  of  the  batteries. 
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CHAPTER  XVII 


HIGH-SPEED    TELEGRAPHY 

'The  instniment  that  we  have  principally  developed  in  Eng- 
land is  the  automatic  fast-speed  apparatus,  based  on  a  prin- 
ciple of  preparing  messages  for  transmission  by  punching, 
devised  by  Alexander  Bain  in  1848." — Preece 


^  I  ^  HE  high  speed  at  which  the  most  expert  oper- 
ator can  send  Morse  characters  over  an 
ordinary  telegraph  line  is  far  too  slow  to 
meet  the  requirements  of  the  20th  century  news- 
^iremMits  P^V^f  which  must  have  the  latest  news  in  its  edition, 
cOT?ur?^'  even  if  only  received  in  a  distant  city  at  a  compara- 
ncwspaper.  ^jy^jy  short  time  before  going  to  press.    For  such 
purposes,  a  much  higher  rate  of  speed  is  necessary 
than  it  is  possible  to  acquire  by  hand.    Various  plans 
have  been  devised   for  such  high-speed  transmis- 
sion.   They  all,  however,  consist  practically  in  meth- 
ods wherAy  the  message  can  be  sent  by  machine 
transmission  instead  of  by  hand  transmission.    Be- 
fore the  advent  of  the  system  of  wireless  telegraphy. 
How  the    a  transatlantic  steamer,  which  was  bringing  over 
te  npM?y  an  important  piece  of  news  obtained  from  a  passing 
tS'flSMd  vessel,  might  readily  have  prepared  on  shipboard, 
the  com?  on  a  fillet  of  paper,  news  intended  for  the  Asso- 
'^'^^        dated  Press.    Immediately  on  its  arrival,  the  paper 
fillet  could  be  sent  by  special  messenger  to  the  As- 
sociated Press,  which,  if  the  news  is  considered  suf- 
ficiently important,  wires  the  newspapers  in  distant 
cities  to  hold  their  latest  edition  open  for  a  short 
time.    The  messages  prepared  on  the  paper  fillets  are 
then  rapidly  transmitted  by  suitable  apparatus  to 
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different  cities  of  the  country,  so  that,  within  a 
comparatively  short  time  after  the  arrival  of  the 
steamer,  the  matter  has  been  set  up,  transferred  to 
the  pages  of  the  papers,  and  is  rapidly  being  printed 
for  their  next  edition.  Of  course,  at  the  present  time, 
much  of  this  would  be  discounted  by  systems  of 
wireless  td^p^phy. 

In  the  ordinary  Morse  system  of  telegraphic  trans- 
mission, the  message,  as  we  have  seen,  is  sent  into  the  ^mot 
line  by  a  series  of  makes-and-breaks  in  the  circuit.  SSS."^*" 
For  example,  to  send  a  dot  followed  by  a  dash,  the 
transmitting  key  is  first  depressed  for  a  moment,  re- 
leased, and  again  depressed;  to  send  the  dash  the 
key  is  kept  depressed  for  a  longer  time.  For  the  first 
signal,  consequently,  there  will  be  printed  at  the 
receiving  or  recording  apparatus,  or  embossed  or 
indented,  a  dot,  while  the  second  signal  will  be 
recorded  as  a  dash.  In  long  lines  a  different  method 
is  generally  adopted.  A  form  of  transmitting  key, 
called  a  double-current  key,  is  employed.  This  key 
is  so  arranged  as  completely  to  reverse  the  battery 
after  each  signal.  In  such  a  case,  therefore,  instead 
of  the  signals  being  formed  by  breaks  in  the  circuit,  SSwit' 
a  reverse  current  is  sent  into  the  line  after  each  sig-  Son"""**" 
nal,  the  battery,  when  working,  being  always  con- 
nected to  the  line  alternately  in  one  direction  or  the 
other,  that  is,  positive  and  negative  currents  being 
alternately  sent  into  the  line.  The  key  employed 
for  this  purpose  is  called  the  double-current  key,  and 
the  method  itself  is  called  the  double-current  method, 
in  order  to  distinguish  it  from  the  r^;tilar  Morse 
method,  or,  as  it  is  sometimes  called,  the  single- 
current  method.  Or,  to  put  the  same  thing  in  a 
somewhat  different  way,  in  the  ordinary  Morse  sys- 
tem the  spaces  between  the  separate  characters  are 
made  by  breaking  the  circuit  of  the  line.     In  the 
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double-current  system,  the  spaces  are  obtained  by 
applying  that  pole  of  the  battery  to  the  line  which 
will  cause  the  withdrawal  of  the  armature  of  the 
n^^  relay  frcwn  its  local  contact  point.  In  such  cases,  a 
form  of  relay  called  a  polarized  relay  must  be  em- 
ployed, similar  to  that  already  described  in  connec- 
tion with  the  magneto-call  apparatus  employed  on 
telegraph  lines. 

Now,  in  any  system  of  machine  telegraphy,  or,  as 

it  is  sometimes  also  called,  high-speed  or  automatic 

tel^raphy,  the  message  which  it  is  desired  rapidly 

Thcpcrfo-  to  transmit  is  prepared  by  perforating  a  fillet  of 

Sict  S^  paper  with  a  series  of  holes.     This  paper  fillet,  when 

tnJSSS!^   rapidly  passed  through  the  proper  transmitting  in- 

"°°'         strument,  sends  into  the  line  the  necessary  dectric 

impulses  at  a  far  higher  rate  of  speed  than  could 

possibly  be  done  by  the  most  expert  operator. 

The  double^urrent  method  of  signalling  is  gen- 
erally employed  in  high-speed  telegraphy,  since  a 
much  higher  rate  of  transmission  can  be  obtained 
with  this  *  system  than  with  the  ordinary  Morse 
single-current  system.  Whenever  an  attempt  is  made 
to  transmit  signals  very  rapidly  over  a  telegraphic 
line,  and  to  record  the  siame  either  by  any  system 
of  embossing  or  by  an  inking  or  chemical  recorder, 
there  is  a  tendency  for  the  recorded  signals  to  run 
together,  that  is,  for  the  separate  signals  to  increase 
in  length,  so  that,  instead  of  being  received  as  clear 
l*Taiiines"  dots  and  dashes,  they  are  run  together,  sometimes  to 
ulnt "  the  extent  of  making  a  continuous  marking  on  the 
characten.  ^^^^d  ribbon.  Thcse  prolongations  are  known  tech- 
nically as  "tailings,"  and  are  due  to  the  fact  that  the 
line  wire  has  not  had  sufficient  time  in  which  to 
dear  itself  of  the  charge  produced  by  the  preceding 
signaL    These  tailings  will  necessarily  vary  consid- 
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erably  with  the  length  of  the  line  wire,  and  with  its 
electro-static  capacity.  Now,  when  there  is  trans- 
mitted into  the  line  currents  of  opposite  polarity  for 
each  alternate  signal  sent  into  the  line,  as  is  done  in 
the  double-current  system,  the  opposite  charge  sent 
into  the  line  neutralizes  or  wipes  out  the  previous 
charge,  and  thus  decreases  the  tendency  to  tailings. 

The  perforations  of  the  paper  fillet  are  effected  in 
a  variety  of  ways.  In  the  single-current  method  of 
transmission,  where  only  a  single  row  of  perfora- 
tions is  required,  consisting  of  a  series  of  long  and  S^^filiet 
short  holes  or  perforations  corresponding  to  the  dots  rat«if^ 
and  dashes  of  the  Morse  characters,  the  matter  is 
a  comparatively  simple  one.  The  separate  characters 
forming  any  single  letter  can  be  punched  either  suc- 
cessively or,  as  is  generally  done  when  high  speed 
is  required,  by  a  single  depression  of  the  key  of  the 
transmitting  apparatus.  There  is  frequently  em- 
ployed for  this  purpose  an  apparatus  consisting  prac- 
tically of  a  typewriter,  by  the  depression  of  the  keys 
of  which  the  Morse  characters  required  for  any 
message  are  impressed  as  perforations  on  the  paper 
fillet  In  the  double-current  method  of  signalling, 
however,  where  a  double  row  of  characters  is 
necessary,  although  apparatus  has  been  devised 
to  make  these  characters  by  a  single  depression  of 
the  perforating  key,  yet,  in  such  cases,  it  is  neces- 
sarily more  or  less  complicated,  and,  therefore,  apt 
to  get  out  of  order,  so  that  pimching  apparatus  of 
the  single  character  is  generally  employed. 

In  order  to  transmit  the  message  the  perforated 
fillet  is  passed  over  the  surface  of  a  metallic  cylinder  How  uie 
connected  with  one  pole  of  a  battery,  while  one  or  Efte?'***^ 
two  metallic  points,  connected  with  the  other  pole  of '™""  ^ 
the  battery,  are  permitted  to  rest  on  the  stirface  of 

Vol  111.-14 


800  ELECTRIOITT  IS  MVEBT-DAr  LIFE 

the  paper  fillet  As  this  is  moved  ra[Mdly  by  ma- 
chinery under  the  pen,  whenever  the  perforations 
come  under  the  pen  the  points  make  contact  with 
the  metallic  cylinder  below,  and  thus  transmit  elec- 
tric impulses  over  the  line. 

A  form  of  perforator,  suitable  for  the  double- 
w[K«t.  current  transmission  and  employed  in  the  Wheat- 
pcrfontiDc  st<xie  automaJ:ic  tel^taphic  apparatus,  is  represented 
'"""""^  in  Fig.  143.  Here  the  perforating  apparatus  is  oper- 
ated by  the  depression  of  three  keys.  A,  B,  and  C, 
provided  respectively  for  producing  perforations  cor- 


Fio.    I4J. — Perfantor    for    Automatic    or    M.nhi.^.    Ttkgnphr.      Note 
tbe  three  Kpmte  row*  of  perfontloni  in  ihc  pcper  fillet  DD. 

responding  to  dots,  spaces,  and  dashes.  The  paper 
fillet  D  D  is  driven  by  means  of  clock-work  from 
right  to  left,  some  characters  having  already  been 
punched  in  the  fillet.  It  will  be  noticed  that  these 
perforations  are  arranged  in  three  separate  rows,  the 
central  line  being  employed  for  the  purpose  of  guid- 
ing the  band  of  paper  both  through  the  perforat- 
ing and  the  transmitting  machines.  The  outside 
perforaticms  determine  the  dots  and  the  dashes,  a  dot 
being  obtained  by  a  pair  of  opposite  holes  in  the 
same  vertical  line,  while  a  dash  is  obtained  by  a  pair 
of  holes  in  diagonal  outside  lines. 


I  if. 

ul     t- 
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A  Wheatstone  transmitter  is  represented  in  Fig. 
144.    The  perforated  paper  fillet,  wound  on  a  reel, 
R,  is  placed  as  shown  iinder  a  roller  driven  by  clock- 
work, this  clock-work  being  moved  by  means  of2[,^V 
weights  hung  on  chains,  shown  at  K.    As  the  paper  1^?^^'' 
fillet  is  rapidly  moved,  a  pair  of  needle  points,  con-  wf^S^. 
nected  witii  one  of  the  poles  of  a  battery,  and  placed 
imderaeath  the  paper  fillet,  are  maintained  in  a  cwi- 
stant  to-and-fro  movement  by  the  acticui  of  the 
clock-woric.    Wherever  there  are  perforations  in  the 
paper,  these  needles  make  contact  with  a  metallic 
piece  that  is  connected  with  the  other  pole  of  the 


Fin.   144.— WbMlitoiK*B  Tranimittcr  for  Autonutk  or  HlglMpccd 

battery,  and  thus  transmit  impulses  that  correspond 
with  the  characteristic  perforations  that  are  placed 
on  the  paper.  It  has  been  found  possible,  in  actual 
practice,  to  transmit  by  this  instrument  as  rapidly 
as  400  words  per  minute.  It  has  a  device  for  regu- 
lating the  ^>eed  at  which  the  paper  fillet  is  moved. 

The  arrangement  of  the  Wheatstone  receiver  is 
shown  in  Fig.  145.  This  instrument  is  an  ink  re- 
corder. The  electric  impulses  sent  over  the  line  are 
received  by  a  polarized  rday  of  great  sensitiveness. 
The  movements  of  this  relay  control  a  local  circuit, 
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which  operates  an  electromagnet,  the  movements  of 
Si"^  whose  armature  cause  the.paper  fillet  D  D,  driven  by 
jj^^^  clock-work  operated  by  weights  hung  to  the  chains 
!reBr.piiy.  ^^  j^  ^^  movcd  toward  or  from  an  inked  wheel. 

Where  a  higher  speed  of  recdving  is  necessary, 
the  electro-magnet  of  the  recdving  apparatus  is 
replaced  by  some  form  of  chemical  receiver,  since 
neither  the  changes  in  the  direction  of  a  moving  mass 
of  material  nor  the  changes  in  the  polarity  of  mag- 
netism can  equal  the  speed  with  which  a  chemical 


recdver  is  able  to  act.  The  operation  of  the  chem- 
ical receiver  is  based  on  the  well-known  fact,  that 
when  a  current  is  sent  through  a  fillet  of  paper 
moistened  with  various  chemical  substances,  an  dec- 
trolytic  decomposition  is  effected,  which  results  in 
a  permanent  mark  bdng  impressed  on  the  paper. 
One  way  of  obtaining  such  mark  is  based  on  the 
wdl-known  property  of  iodine  to  produce  a  clear 
blue  color  in  a  solution  of  starch.  For  this  purpose 
a  solution  of  potassium  iodide  is  dissolved  in  starch 
water. 
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The  following  proportions  are  suitable  for  the 
preparation  of  iodine-starch  printing  paper;  viz.,  one 
part  of  potassium  iodide,  20  parts  of  starch  paste, 
and  40  parts  of  water.  A  platinum  point  is  employed 
in  connection  with  this  solution.  Another  solution 
frequently  employed  consists  of  the  following:  5 
' parts  of  yellow  prussiate  of  potash  and  1 50  parts  of  JJdSiro. 
ammonium  nitrate.  The  use  of  the  ammonium  ni-jSSS!^ 
trate  is  for  the  purpose  of  keeping  the  paper  moist-  ^^^^ 
ened  during  all  conditions  of  the  weather.  This  is 
done  by  reason  of  its  attraction  for  the  moisture  of 
the  air,  the  nitrate  of  potash  being  a  well-known 
hygroscopic  substance.  In  this  case  the  dots  and 
dashes  are  marked  on  the  paper  fillet  in  the  well- 
known  Prussian  blue,  a  ferro-cyanide  of  iron,  the 
iron  being  dissolved  during  the  electrolysis  frc«n 
the  steel  or  iron  pen  employed  in  the  receiving  in- 
strument. 


Q  a 

^11  III  r  ■     . 
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Fig.  X  46.— Perforations  Employed  in  the  Anderson  Chemical  System 
of  Automatic  Telegraphy.  Note  the  fact  that  it  is  the  blank  spaces 
between  the  perforations  that  produce  the  dots  and  dashes,  and  not 
the  perforations. 

The  transmitter  and  chemical  receiver  invented 
by  Frank  Anderson  cerates  on  principles  different 
from  those  just  described.     Here  a  single  row  of 
perforations  is  employed,  as  is  represented  on  a 
paper  filto  containing  the  characters  of  the  Morse 
alphabet  from  a  to  j,  inclusive.  Fig.  146.    It  will  be  Anderson 
observed  that,  in  this  system  of  transmission,  it  is  system  of 
the  blank  spaces  between  the  perforations  that  pro- tde'^phy. 
duce  dots  and  dashes,  and  not  the  perforations  them- 
selves ;  for  instance,  in  order  to  produce  the  letter  a, 
tile  dot  and  dash  required  are  produced  by  a  short 
space  between  a  large  hole  and  a  small  hole,  while 
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the  dash  is  obtained  by  a  greater  length  or  space  left 
between  a  small  and  a  large  hole.  Again  the  two 
dots  required  to  produce  the  letter  i  are  similarly 
obtained  by  two  small  spaces  lying  on  either  side  of 
a  small  hole  placed  midway  between  two  large  holes. 
This  difference  is  rendered  necessary  by  the  fact  that 
in  the  Anderson  system  it  is  only  while  the  trans- 
mitting contact  pin  passes  over  the  uncut  parts  of 
the  paper  that  the  electric  currents  are  able  to  pass 
into  the  line. 

Line 


Fig.   X47. — ^Anderson's  Chemical  Automatic  System  of  Telegraphy 

and  Perforations. 

(By  permiMion  of  WOllam  Mavir,  Jr.) 

The  apparatus  employed  in  the  Anderson  system 
is  represented  in  Fig.  147,  where  a  transmitting  sta- 
tion at  X  is  OMinected  by  the  line  wire  with  the 
o^uon  receiving  station  at  Y.  The  transmitting  appara- 
transmitter.  ^^g  consists  of  a  pen,  S,  provided  with  metallic 
fingers,  that  rest  upon  the  surface  of  the  fillet  of 
perforated  paper,  P.  This  paper  is  placed  on  the 
surface  of  a  metallic  cylinder,  T,  that  is  put  in 
the  circuit  of  the  battery,  B,  the  pen,  S,  being  con- 
nected to  the  same  battery  and  to  the  line,  in  the 
manner  shown.  On  the  paper  fillet  being  driven  by 
means  of  clock-work  in  the  direction  indicated  by 
the  arrow,  as  the  perforations  come  opposite  the 
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pen  S,  the  points  come  in  contact  with  the  metallic 
cylinder,  so  that  the  battery  is  short-circuited,  and  a 
drop  of  potential  occurs  on  the  circuit  of  the  line 
wire  connected  with  the  receiving  station  at  Y. 

In  order  to  permit  the  single  row  of  perforations 
on  the  transmitting  paper  fillet  to  employ  the  double- 
current  system  of  transmission  necessary  in  all  sys- 
tems of  rapid  machine  telegraphy,  the  inventor  has 
adopted  the  ingenious  expedient  for  obtaining  theo/S?*'°" 
equivalent  of  this  double  current  by  the  use  of  a[^jjj!git. 
ccmdenser  at  C,  placed  in  the  circuit  of  a  variable 
resistance,  R,  between  the  ground  and  the  receiving 
instrument.  From  the  connection  of  the  pen  S, 
with  the  circuit  of  the  battery  and  the  line  at  X,  it 
will  be  seen  that  the  battery,  B,  is  in  full  connection 
with  the  line  wire  when  the  pen  is  in  contact  with  the 
unperforated  portions  of  the  paper  fillet.  During 
these  times,  therefore,  the  current  is  sent  into  the 
line  wire,  and  passing  through  the  receiving  paper 
fillet  P',  decomposes  the  solution  of  chemical  salt 
with  which  the  paper  is  moistened,  and  marks  on  its 
surface  the  impulses  sent  over  the  line  with  the  full 
force  of  the  battery  B.  During  such  times,  too,  the 
condenser  at  C  will  be  charged  with  a  certain  po- 
larity, the  amount  of  whith  will  depend  on  the  value 
of  the  resistance  inserted  at  R.  When,  however,  the  The  ue 
transmitting  pen  S  falls  into  a  hole  in  the  paper,  ^^naer. 
and  the  potential  of  the  line  wire  falls  practically  to 
zero,  the  condenser  C  immediately  parts  with  a  por- 
tion of  its  charge,  and  produces  a  current  in  the  op- 
posite direction  to  that  sent  through  the  line  when 
the  transmitting  instrument  had  been  resting  on  the 
uncut  portions  of  the  paper,  thus  interrupting  the 
flow  of  the  marking  current  through  the  paper. 
There  is,  therefore,  obtained  in  this  manner  the 
equivalent  of  the  double  or  reverse  current  em- 
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ployed  in  systems  of  double-current  transmission. 
Besides  the  wiping  out,  or  clearing,  of  the  wires 
from  the  effects  of  the  marking  charge  thus  ef- 
fected by  the  reverse  current  received  from  the  con- 
denser C,  the  fact  that,  at  such  moments,  the  line  is 
diort-circuited  through  the  groxmd,  provides  in  a 
very  efficient  manner  for  the  static  disdiarge  of  the 
line  through  the  earth.  In  this  manner  only  a  small 
portion  of  the  charge  remains  in  the  line  to  be  neu- 
tralized by  the  reverse  current  from  the  condenser  C 

But  even  the  rate  at  which  any  of  the  systems 
above  described  are  capable  of  transmitting,  say  400 
words  per  minute,  is  not  sufficient  to  meet  the  wants 
of  the  present  age.  Attempts  have,  therefore,  been 
made  to  increase  this  speed.  Now,  in  any  case,  the 
speed  of  transmission  will  vary  greatly,  according 
to  the  conducting  power  and  other  qualities  of  the 
line  employed.  Where  very  heavy  copper  conductors 
are  used,  so  that  the  conducting  power  of  the  line  is 
high,  the  speed  of  transmission  can  be  markedly  in- 
SSJm  of  creased.  In  this  manner,  as  well  as  by  greatly  im- 
tSf^phy.  proving  the  details  of  receiving  and  transmitting  in- 
struments, P.  B.  Delany  has  rendered  it  possible  to 
largely  increase  the  rate  of  transmission  by  his 
system  of  machine  telegraphy.  By  this  system,  he 
is  able  to  increase  the  carrying  capacity  of  a  single 
wire  so  as  to  make  it  equal  to  that  of  80  wires  oper- 
ated by  ordinary  Morse,  or  that  of  25  wires  operated 
by  quadruplex  Morse-  In  the  Delany  system,  as  in 
other  systems  already  described,  the  message  which 
is  first  punched  in  the  paper  fillet  is  transmitted  by 
a  machine  transmitter  at  a  rate  varying  from  1,000 
to  3,000  words  per  minute. 

The  Delany  method  of  machine  telegraphy  era- 
ploys  the  double-current  system  of  transmission,  and 


HIGH-SPEED    TELEGRAPHY  807 

receives  by  means  of  a  chemical  receiver.  The  dots 
and  dashes  are  transmitted  by  means  of  two  sepa- 
rate rows  of  small  holes  on  a  fillet  of  paper.  One 
of  these  lines  corresponds  to  the  dots  and  the  other  Deuny 

transmitter* 

to  the  dashes  of  the  Morse  Continental  Code,  no 
spaced  letters  being  employed.  The  transmitting 
instrument  is  represented  in  Fig.  148,  where  the 
perforated  fillet  is  placed  between  two  rollers,  R,  R, 
through  which  it  is  driven  at  a  rapid  rate  by  means 
of  suitable  clock-work.  Two  pairs  of  metallic 
brushes,  aa'  and  bV^  connect  respectively  to  the  op- 
posite poles  of  a  split  battery,  £E^;  t.e.,  a  voltaic 
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Fia    X48. — DeUny's   Transmitter   for   Machine   Telegraphy.     Note   the 
separate  lines  of  dots  and  dashes  aa  perforations  on  the  paper  fillet. 

batteiv  that  is  grounded  at  its  middle  point.  These 
pairs  of  brushes  are  employed  for  transmitting  cur- 
rents of  electricity  of  opposite  polarity.  Wherever 
it  happens  that  the  brushes  in  contact  with  the  per- 
forated paper  fall  through  a  dot  hole,  a  positive 
current  of  brief  duration  is  sent  through  the  line 
wire,  but  where  a  dash  hole  exists,  the  aa'  brush 
comes  into  contact,  so  that  a  negative  current  is 
transmitted. 

In  the  receiving  instrument  the  characters  trans- 
mitted are  received  on  a  paper  fillet,  moistened  with 
a  solution  of  yellow  prussiate  of  potash.     Three 
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iron  needles  are  employed.    The  central  needle  is 
connected  with  the  ground  at  E,  Fig.  149,  while  the 
two  outside  needles  are  connected  with  the  line  wire 
L.    As  the  band  of  paper  is  moved  rapidly  under 
Recdyioff  ^^s^  poiuts,  wheucver  a  positive  current  is  received, 
I^dJSS?'*  **^-'  when  such  current  passes  from  the  line  to  the 
^^2^  ground,  these  needles  deliver  jointly  their  current 
through  the  paper  to  the  metallic  plate  on  which  the 
paper  rests,  whence  the  current  passes  back  through 
the  middle,  needle  to  the  ground  at  £•    This  causes 
a  dot  to  be  produced  under  each  of  the  two  outside 
needles.    When,  however,  a  n^^ve  current  is  re- 
ceived, i,e,y  when  a  current  passes  from  the  ground 
to  the  line,  such  current  passes  through  the  central 
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Fig.  X49. — Dclany's  Electro-Chemical  Receiver  for  Machine  Telegraphy. 

needle  and  through  the  paper  to  the  plate  below,  and 
from  this  point  is  divided  into  two  branches,  so 
that  a  dot  will  form  beneath  the  central  needle. 

Since  the  rate  of  transmission  by  machine  tdeg- 
raphy  greatly  exceeds  the  maximum  rate  of  trans- 
mission by  the  telephone,  and  since,  moreover,  in  the 
system  of  machine  transmission  there  is  left  a  per- 
mp?^^.  manent  record  of  the  messages  sent,  which  is  not 
for  te£ie«  the  case  with  the  telephone,  it  has  been  hoped  by  in- 
ventors  that,  through  improvements  in  the  rate  of 
transmission,  the  telegraph  will  be  able  eventually 
to  take  the  place  of  the  mail  for  important  business 
correspondence,  and  this  not  only  -without  loss  in  the 
accuracy  of  the  correspondence,  but  also  with  a  great 
gain  in  the  time  required  for  its  transmission.  It 
will  readily  be  seen  that,  in  any  system  of  machine 
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telegraphy,  it  would  be  practically  impossible  to  tap 
the  telegraph  line,  and  so  obtain  surreptitious  infor- 
mation, unless  one  went  to  the  great  expense  of  pro- 
viding the  receiving  instrument  for  the  recording  of  t^^S^ 
the  message.  There  would,  therefore,  be  added  to 
such  a  system  of  rapid  telegraphic  correspondence 
the  great  advantage  of  absolute  secrecy. 

The  average  business  letter  will  probably  not  ex- 
ceed lOO  words.  The  average  cost  of  transmission 
is  in  the  neighborhood  of  30  cents.  Now  suppose 
that,  by  reason  of  more  rapid  transmission,  and, 
consequently,  of  a  greatly  increased  extent  of  busi- 
ness, it  would  be  possible  for  the  telegraph  com- 
panies to  cut  the  cost  of  a  telegram  in  half,  while, 
at  the  same  time,  they  would  permit  the  number  of 
words  transmitted  for  a  single  charge  to  be  doubled. 
Then  it  would  be  possible  to  tel^raph  important  let- 
ters between  two  cities,  say  between  Chicago  and 
New  York,  for  20  cents  for  100  words,  and  be- 
tween New  York  and  Boston,  Baltimore  or  Wash- 
ington, say  for  1 5  cents.  Such  rates  could  probably 
be  charged  profitably  by  all  great  telegraph  com- 
panies, provided  a  stdHcient  increase  in  business  was 
obtained.  If  matters  can  ever  be  so  arranged  that 
the  tel^^ph  is  able  to  compete  in  actual  cost  of 
transmission  with  the  mail,  there  can  be  no  doubt  as 
to  the  enormous  increase  in  the  amount  of  tele- 
graphic correspondence  by  reason  of  the  great  benefit 
bestowed  on  business  men.  It  is  to  be  hoped  that 
such  a  state  of  affairs  may  be  rapidly  brought  about. 

C.  L.  Buckingham,  of  New  York  City,  has  a 
somewhat   similar    system   of   machine  telegraph.  BucUag- 
This  system  has  been  operated  commercially  over  lytieii  of 
the  Western  Union  Telegraph  CcMnpan/s  circuit  JSfgrSphy. 
and  over  one-and-a-half  million  messages  have  been 
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successfully  transmitted  by  it.    A  record  has  been 
attained  of  2,429  words  transmitted  between  New 
1^^         York  City  and  Chicago  in  23  minutes  and  24  sec* 
^^S!S    onds.    In  this  system  the  messages  are  receiyed,  not 
typewritten  j,j  Morsc  characters  on  a  paper  fillet,  but  in  typewrit- 
ten words  on  message  blanks,  lAiidti  are,  dierefore, 
then  ready  ior  instant  delivery. 
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CHAPTER  XVIII 

DUPLEX,    DIPLEX,    QUADRUPLEX,    AND     MULTIPLEX 

TELEGRAPHY 

"The  invention  all  admired,  and  each  how  he 
To  be  the  inventor  missed ;  so  easy  it  seemed, 
Once  found." — Paradise  Lost:  Milton 

WE  have  thus  far  considered  only  the  case  of 
single  transmission  over  a  tel^raph  line, 
that  is,  when  one  telegraph  line  or  wire 
is  having  a  message  transmitted  from  either  of  its 
ends  the  wire  can  not  be  employed  for  any  other  ^^j^^i 
purpose.     We  will  now  consider  the  case  where  itJ^S^S 
is  possible  simultaneously  to  transmit  two,  four,  or*°****^- 
a  greater  nimiber  of  messages  over  the  same  line 
wire  or  ocmductor^  under  such  circumstances  that 
half  of  these  messages  are  being  sent  in  one  direc- 
tion, while  the  remaining  half  are  being  simul- 
taneously sent  in  the  opposite  direction. 

Duplex  telegraphy  consists  of  a  method  by  which 
two  separate  messages  can  be  simultaneously  trans-  SSlSphy. 
mitted  over  a  single  wire  in  opposite  directions. 
The  first  proposition  to  acccMnplish  this  was  made 
by  Moses  Farmer,  in  1852.  Gintl,  Director  of  the 
State  Telegraph  of  Amsterdam,  invented  a  prac- 
tical system  of  duplex  telegraphy  in  1853,  and  had^uSyf'^^ 
this  system  in  operation,  in  connection  with  a  chem- 
ical receiver,  on  a  line  between  Vienna  and  a  neigh- 
boring town  in  1854.  Preece,  in  England,  in  1855, 
Siemens  &  Halske,  in  Germany,  in  1855,  and  Far- 
mer, in  1858,  also  introduced  improved  apparatus. 
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but  none  of  these  systems  came  into  extended  use. 
Steams,  of  Boston,  in  1858,  and  subsequently  Edi- 
son and  others,  greatly  extended  and  improved  the 
system,  so  that  there  was  finally  evolved,  as  a  result 
of  the  labors  of  all  these  inventors,  a  system  of 
duplex  telegraphy  that  has  reached  such  a  state  of 
efficiency  that  practically  all  important  lines,  even 
including  cable  lines,  are  now  operated  on  the  duplex 
system.  •  In  a  duplex  system,  since  either  end  of  the 
line  is  able  to  send  at  the  same  time,  there  must  be 
two  operators  at  each  end  of  the  line,  CMie  to  trans- 
mit and  the  other  to  receive.  In  other  words,  a 
single-line  wire,  operated  on  the  duplex  system,  can 
give  employment  to  four  separate  operators. 

There  are  two  distinct  methods  whereby  a  tele- 
?*^ao£** graph  line  may  be  duplexed;  viz.,  by  what  is  called 
?d^  raph    *^^  differential  method,  and  by  what  is  called  the 
bridge  method.  In  the  differential  method,  the  trans- 
mitting and  receiving  instruments  may  either  be 
electro-magnets,  operated  by  the  movements  of  their 
armatures,  or  coils  of  wire  intended  for  the  opera- 
tion   of    magnetic    needles.      The   coils   of   these 
instruments    are    wound    with    two    separate    cir- 
cuits, in  such  a  manner  that  the  polarity  produced 
by  the  current  passing  through  one  of  the  coils 
is  opposite  to  the  polarity  produced  by  the  current 
passing  through  the  other  coil.     When,  therefore, 
two  equal  currents  pass  through  these  coils,  there  is 
no  magnetic  action  produced,  so  that,  in  the  case 
of  the  electro-magnet,  its  armature  is  not  attracted, 
Sfi?*^    or,  in  the  case  of  the  needle  instrument,  the  needle 
^^^      is  not  deflected.     Coils  wound  in  this  manner  are 
said  to  be  differentially  wound. 

In  the  differential  system  of  duplex  tel^^phy, 
represented  in  Fig.   150,  the  receiving  and  trans- 
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mittmg  instruments  at  A  and  B  are  differentially 
wound,  one  of  the  coils  of  A  bemg-  connected  to  that 
of  B,  through  the  line  wires  &,  V,  as  shown,  while 
the  other  is  connected  to  the  rheostats  at  R  and 
R'.    The  battery  at  A  has  its  copper  pole,  C,  con- 
nected to  the  ground,  while  that  at  B  has  its  zinc  pole 
connected  to  the  ground.    If,  therefore,  the  keys  at  4?SS!«- 
both  A  and  B  are  depressed  at  the  same  time,  theSSptex 
currents  that  they  send  into  the  line  will  strengthen  'y***^ 
each  other.    If,  however,  only  the  key  at  A  be  de- 
pressed, the  current  will  branch  at  e,  and,  care  hav- 
ing been  taken  to  have  the  resistance  of  the  circuit 
eah  h'a'ey  equal  to  the  resistance  of  the  circuit 
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Fig.  ISO. — Differential  Metliod  of  Duplex  Tdegraphx.     Note  the 
differential    winding    of    the    coils    A    and    B. 

ecdR,  the  current  divides  equally  between  the  dif- 
ferentially wound  coils  on  the  instrument  at  A. 
Consequently,  there  is  no  deflection  of  its  needle. 
At  the  station,  B,  however,  this  current  can  only 
pass  through  one  of  the  windings  at  B.  Conse- 
quently, it  deflects  the  needle,  and  so  makes  a  signal 
at  this  station. 

If  the  keys  at  A  and  B  are  simultaneously  closed, 
the  effect  produced  on  the  line  is  to  add  the  currents  currcnu 
of  the  two  batteries ;  but  each  rheostat  circuit  is  tra-  f^J^^ 
versed  by  its  own  battery  current  only.    The  line- *"'***"*^ 
connected  coils  of  the  receiving  instrument,  there- 
fore, will  have  stronger  currents  flowing  through 
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them,  so  that  the  needles  of  both  will  move.  Each 
sender's  instrument  is  unaffected  by  the  current  he 
sends  into  the  line,  and  is,  therefore,  ready  to  be 
operated  by  the  currents  sent  into  the  line  from  the 
other  end.  Two  currents,  therefore,  do  not  pass 
each  other  in  duplex  telegraphy.  On  the  contrary, 
they  are  sent  into  the  line  in  tiie  same  direction. 

Since,  when  either  key  is  sending  impulses  into 
the  line,  there  is  necessarily  some  interval  of  time 
during  which  the  circuit  of  the  line  will  be  brdcen 
for  incoming  currents,  the  transmitting  keys  are  ar- 
4nd^^  ranged  so  that  they  close  the  second  contact  before 
J^SSry!  breaking  the  first  contact.  Small  resistances  are  in- 
troduced between  the  back  stops  of  the  keys  and  the 
earth,  in  order  not  to  destroy  the  balance  on  the 
introduction  of  the  resistances  of  the  batteries  at 
A  and  B.  Rheostats  are  inserted  at  R  and  R^  in 
order  to  maintain  the  balance  in  the  resistance  of 
the  circuit,  since,  otherwise,  the  current  would  not 
divide  equally  at  the  points  e  or  ^',  and  thus  flow 
equally  through  the  two  halves  of  the  differentially 
wound  coils  on  the  instruments.  Wherever  the 
length  of  the  line  to  be  duplexed  exceeds  lOO  miles 
or  so,  or  where  a  great  proportion  of  underground 
cable  is  employed,  it  is  necessary  to  introduce  con- 
densers into  the  circuit,  so  as  to  balance  the  line  as 
regards  its  electro-static  capacity. 

Want  of  space  prevents  us  from  discussing  the 
bridge  method  of  duplexing  a  tel^^aph  line. 

In  diplex  tel^raphy,  two  separate  messages  can 

be  simultaneously  transmitted  over  a  single  line  wire 

Siej^phy.  in  the  same  direction.    In  order  to  be  able  to  do  this, 

it  is  necessary  that  two  different  transmitting  keys 

be  provided,  by  the  movement  of  one  of  which  the 
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direction  of  the  current  through  the  line  may  be 
changed,  and  by  the  movement  of  the  other  the  in- 
tensity of  the  current  transmitted  through  the  line 
may  be  changed,  so  that  one  of  the  messages  is  sent 
over  the  line  by  changes  in  the  direction  of  the  cur- 
rent, and  the  other  message  by  changes  in  the  inten- 
sity of  the  current. 

The  apparatus  required  for  a  system  of  diplex 
telegraphy  is  represented  in  Fig.  151,  where  the  sta- Action  of 
tion  A  is  provided  with  the  two  keys  before  referred  imMau- 
to,  key  Kg  being  arranged  to  reverse  the  direction inSipiex 
of  the  current,  and  key  Ki  to  vary  the  strength  of  ^*^*''*^^' 
the  current.     An  examination  of  this  figure  will 
show  that  when  key  Kg  is  at  rest,  one  pole  of  the 


m  en 

Fig.    151.— Diplex   Telegraphy.     Note   the   means   adopted   for  varying 
the  direction  and  for  varying  the  strength  of  the  current. 

battery  is  connected  to  the  line,  and  that  when  it 
is  depressed,  the  other  pole  of  the  battery  is  con- 
nected to  the  line,  so  that  its  movements  will  re- 
verse the  direction  of  the  current.  Key  Ki,  on  the 
other  hand,  when  at  rest  has  a  small  E.M.F.  con- 
nected to  the  line,  and  when  depressed  has  a  stronger 
E.M.F.  so  connected.  Its  movements  will,  there- 
fore, send  variations  of  strength  of  current  into  the 
line. 

At  the  receiving  end  of  the  line  there  are  two  re- 
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lays,  R2  and  R^.    R2  is  a  polarized  relay,  so  arranged  receiving 
tiiat  it  will  respond  to  negative  currents  and  not  to  *"  "*°^*° 
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positive  currents,  while  the  relay  Ri  is  an  ordinary 
non-polarized  relay,  so  adjusted  that  it  will  not  re- 
spond to  the  feeble  current  from  the  feeble  E.M.F., 
but  will  readily  respond  to  the  stronger  current. 
In  other  words,  the  relay  Rj  will  respond  to  key 
Kj,  and  not  to  key  K^,  while  the  relay  Ri  will  re- 
spond to  key  Ki,  and  not  to  key  K2.  It  is  evident, 
therefore,  that  by  such  means  it  will  be  possible  to 
transmit  two  messages  over  the  same  line  wire  in 
the  same  direction. 

Now,  without  going  into  the  subject  of  quadru- 
plex  telegraphy  at  any  length,  it  will  suffice  to  say 
JJjJ^^J^that  when  a  single  line  wire  is  provided  with  a 
suitable  diplex  system  at  each  end,  and  a  proper 
adjustment  for  balance  is  made,  it  will  be  possible 
simultaneously  to  transmit  two  messages  from  each 
end  of  the  line,  or,  in  other  words,  that  such  a  line 
may  be  quadruplexed.  A  quadruplexed  line  would 
require  for  its  proper  working  four  operators  at  each 
end  of  the  line,  two  to  transmit  and  two  to  receive, 
or  eight  operators  in  all. 

There  are  a  variety  of  different  ways  in  which 
uil^Sfy.  multiplex  telegraphy  can  be  obtained.     In  the  har- 
monic system  of  Gray,  this  is  accomplished  by  the 
transmission  over  the  line  wire  of  a  number  of  sepa- 
rate musical  tones,  which  are  employed   for  the 
transmission  of  an  equal  number  of  separate  tele- 
graphic messages.     These  musical  tones  are  sent 
SSiupi?^  over  the  line  in  the  shape  of  rapid  interruptions  of 
telegraphy.  ^^  current,  obtained  by  means  of  tuning-forks,  that 
are  automatically  vibrated  by  electro-magnets.   The 
forks  are  arranged  so  as  to  interrupt  the  circuits  of 
batteries  connected  with  the  main  line  at  its  sending 
end.     There  will,  in  this  way,  be  sent  into  the  line 
wire  a  combination  tone,  composed  of  the  different 
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rates  of  vibration  sent  into  the  line.  On  the  arrival 
of  this  composite  tone  at  the  receiving  end  of  the 
line,  it  is  resolved  into  its  component  tones  by  in- 
struments called  harmonic  receivers.  These  receivers 
consist  of  steel  ribbons,  tuned  so  as  to  be  capable  of 
readily  vibrating  under  the  influence  of  the  electro- 
magnetic impulses  received  through  their  magnet 
coils  at  one  rate  only.  As  the  composite  tone  passes 
through  the  coils  of  a  particular  electro-magnetic 
receiver,  those  impulses  only  that  correspond  to  the 
particular  tone  to  which  this  receiver  is  tuned  are 
capable  of  affecting  its  armature  or  vibrating  reed. 
Consequently,  only  those  particular  notes  or  vibra- 
tions that  correspond  to  a  particular  key  at  the  trans- 
mitting staticMi  will  affect  this  particular  receiver. 


Harmonic 
recciTcn. 


The  harmonic  system  employs  the  Morse  alpha- 
bet. The  receiving  may  be  done  either  by  means  of 
sound,  or  the  received  signals  may  be  converted  into 
regular  Morse  characters  by  means  of  a  suitable 
device.  The  Gray  Harmonic  Multiple  System  never 
came  into  any  extended  use,  owing  to  difficulties 
that  arose  in  practice. 

In  the  synchronous  system  of  multiplex  transmis- 
sion, invented  by  Delany,  the  division  of  a  single 
telegraph  line  has  been  carried  so  far  as  to  success- 
fully establish  as  many  as  36  separate  divisions  of 
the  line,  so  that  it  is  possible  to  simultaneously  trans-  syDchnL* 
mit  36  separate  messages  in  one  direction,  while,  at  Spiiex" 
the  same  time,  36  additional  messages  can  be  trans-  ■^**^ 
mitted  over  the  same  wire  in  the  opposite  direction. 
A  single  line  so  divided  would,  therefore,  require, 
when  employed  to  its  full  extent,  36  operators  to 
transmit  and  36  to  receive  at  each  end  of  the  line, 
or  72  in  all,  while  an  equal  number  would  be  re- 
quired at  the  opposite  end  of  the  line,  that  is  to  say. 
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a  single  line  so  equipped  would  require  144  opera- 
tors.    For  the  purpose,  however,  of  sending  such 
J5?^e^**'  messages  at  the  ordinary  rate  of  speed  at  which  an 
Jhi^/ufJy"  ^^^^  operator  can  transmit  Morse  characters,  it 
iS*e.^'^*"    has  been  found  preferable  in  practice  to  limit  the 
division  of  the  line  to  the  establishment  of  six  sepa- 
rate Morse  circuits  in  each  direction.     A  Kne  so 
equipped  would  require  for  its  c^)eration  12  operators 
at  each  end,  or  24  in  all. 

Let  us  now  examine  briefly  into  this  wonderful 
system  of  tel^japhy  as  carried  out  in  actual  prac- 
tice. The  Delany  system  requires  the  employ- 
ment of  essentially  the  following  parts:  a  circular 
table  of  alternately  insulated  and  grounded  contacts 
at  each  end  of  a  telegraph  line,  and  a  rotating  arm 
provided  with  a  trailing  contact  at  each  end  of  the 
line,  driven  by  means  of  electro-magnetic, devices 
called  phonic  wheels.  By  means  of  these  wheels 
nJS?^^  the  trailing  arms  at  each  end  of  the  line  are  main- 
tained in  absolutely  synchronous  rotation,  so  that 
whenever  the  wheel  at  one  end  of  the  line  is  in  a  cer- 
tain position  in  its  rotation,  the  wheel  at  the  other 
end  of  the  line  will  be  in  a  corresponding  position. 
Delany  has  succeeded  in  obtaining  this  synchro- 
nism by  means  of  electric  impulses  automatically  sent 
over  the  main  line  in  either  direction,  whenever  the 
wheel  at  either  end  fails  to  rotate  in  absolute  syn- 
chronism with  that  at  the  other  end.  In  addition  to 
the  above  there  are  also  needed  transmitting  and  re- 
ceiving instruments  connected  with  similar  contacts 
at  each  end  of  the  main  line,  and  forming  practically 
separate  and  independent  lines  for  the  simultaneous 
transmission  of  messages  over  the  main  line  in 
either  direction. 

The  sending  and  receiving  stations  are  represented 
at  X  and  Y,  respectively,  Fig.  152.    Similar  appa- 
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ratus  are  emplc^ed  at  each  end  of  the  line.  A  steel  f^,;,^^  ^ 
timing-fork,  a,  at  each  station,  is  continuously  vi-°n'J£;^ 
brated  by  the  action  of  a  magnet.  A,  whose  coils  are  3™,°"'" 
connected  with  the  circuit  of  the  local  battery  LB.  ''"•"^ 


This  circuit  is  rapidly  made  and  broken  by  means  of 
platinum  contacts  x  and  y,  placed  on  the  ends  of 
the  fork,  which,  in  its  vibration,  makes  and  breaks 
the  circuit  with  opposing  contact  springs  at  y  and 
y.  The  makes  and  breaks  so  established,  open  and 
close  the  circuit  of  another  local  battery  placed  in 
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the  circuit  of  the  electro-magnet  D,  by  means  of 
which  the  transmission  apparatus  C  is  maintained  in 
continuous  rotation. 

The  main  line  Q  Q  has  each  of  its  ends  connected 
with  the  trailing  finger  F,  of  the  transmitting  and 
receiving  apparatus  at  each  end  of  the  line,  as  shown. 
As  the  arm  rotates  over  the  plate  C,  the  finger  F  is 
brought  into  successive  electric  connection  with  the 
series  of  insulated  contacts  on  the  upper  face  of  the 
table  F*.  Any  number  of  separate  contacts  can 
be  placed  on  this  table,  60  of  such  contacts  being 
shown  in  the  figure.  These  contacts  are  connected 
with  the  separate  circuits  that  it  is  desired  simulta- 
neously to  maintain.  The  60  contacts  are  placed  in 
six  separate  and  independent  circuits  of  ten  contacts 
each,  as  will  be  seen  in  the  figure,  at  either  the  trans- 
mitting or  the  receiving  station. 

In  Fig.  1 53,  which  rq)resents  the  working  of  the 
receiving  circuits,  only  four  of  these  circuits  are 
shown  for  the  sake  of  clearness.  R,  R*,  R*,  R*, 
conneo-  ^^^  polarized  relays,  while  S,  S*,  S^,  S',  are  the 
2S?<«^f  ordinary  Morse  sounders.  The  connections  with 
"^Jjjjfif  the  main  battery  MB,  and  the  local  battery  LB,  are 
as  shown.  Since  the  relays  at  the  distant  station 
are  connected  with  the  same  corresponding  numbers 
of  contacts  as  at  the  receiving  station,  when  the 
trailing  contact  finger  at  each  station  simultaneously 
touches  the  contacts  bearing  the  same  numbers,  the 
corresponding  instruments  connected  with  these 
sets  of  contacts  will  be  placed  in  communication  over 
the  main  line,  as  so  many  separate  wires  or  circuits, 
provided,  of  course,  that  absolute  S)mchronism  is 
maintained  between  the  two  trailing  contact  arms. 

The  following  experiment,  which  has  been  suc- 
cessfully tried  on  a  working  wire  established  be- 
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tween  Boston  and  Providence,  shows  the  complete 
manner  in  which  Dr.  Delany's  synchronous  multi- 
plex system  has  been  carried  out  in  actual  practice, 
and  how  closely  he  has  been  able  to  maintain  the 
synchronism  between  the  two  travdling  arms.  There 
is  appended  the  following  description  of  this  expert- 
mcnt  from  a  paper  printed  by  the  Author  in  the 
Journal  of  the  Franklin  Institute,  in  August,  1884: 
"Wishing  to  try  the  adaptability  to  the  synchro- 
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nous  system,  of  the  automatic  repeaters  emplc^ed  by 
other  tel^ixaphic  systems,  whereby  great  distances  R«nMi 
are  overcome,  Mr.  Delany,  on  three  different  occa-  pertim 
sions  during  the  past  two  weeks,  successfully  em-chroS__ 
ployed  such  repeaters  with  his  system,  the  last  trial,  {^^^S. 
viz.,  that  on  Monday,  the  14th  of  July,  being  wit- 
nessed by  myself. 

"One  of  the  two  wires  erected  by  the  Multiplex 
Company  between  Boston  and  Providence  was  di- 
vided into  six  separate  and  distinct  McM-se  circuits. 
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The  first  of  these  circuits,  which  we  will  call  No.  i, 
was  operated  to  Providence,  at  which  place  the  re- 
ceiving relay,  on  that  circuit,  was  connected  to  the 
transmitting  instrument  on  No.  2  circuit-  In  Bos- 
ton the  receiving  relay  of  No.  2  circuit  was  con- 
nected to  the  transmitting  instrument  of  Na  3  cir- 
cuit. In  Providence,  the  receiving  relay  of  No.  3 
circuit  was  connected  to  the  transmitting  instru- 
ment of  No.  4  circuit.  In  Boston,  the  receiving  in- 
strument of  No.  4  circuit  was  connected  to  the 
transmitting  instrument  of  No.  5  circuit.  Finally, 
in  Providence,  the  receiving  relay  or  instrument  of 
No.  5  circuit  was  connected  to  the  transmitting  in- 
strument of  No.  6  circuit.  Under  these  arrange- 
ments, the  transmitting  instruments  at  both  stations 
were  operated  by  the  receiving  relays  on  the  other 
circuit  the  same  as  if  worked  or  operated  by  an 
operator;  in  other  words,  the  six  separate  and  dis- 
tinct circuits,  established  by  the  s)mchronizing  appa- 
ratus between  Boston  and  Providence,  were  arranged 
so  as  to  form  in  reality  a  continuous  wire  stretched 
six  times  between  Boston  and  Providence,  with 
both  of  its  free  ends  in  Boston. 

"Mr.  Delany  then  transmitted  a  message  on  the 
No.  I  circuit  from  Boston  to  Providence,  whidi 
frtion**"  was  automatically  retransmitted  from  Providence  to 
appantua.  gostou  ou  No.  2  circuit ;  again  automatically  retrans- 
mitted from  Boston  to  Providence  on  No.  3  circuit ; 
again  automatically  retransmitted  from  Providence 
to  Boston  on  No.  4  circuit;  again  automatically  re- 
transmitted frcrni  Boston  to  Providence  on  No.  5  cir- 
cuit, and  finally  automatically  retransmitted  from 
Providence  to  Boston  on  No.  6  circuit.  Or,  in  other 
words,  the  message  sent  from  Boston  on  the  first 
circuit  went  to  Providence,  came  back  to  Boston, 
again  went  to  Providence  and  came  back  to  Boston, 
when  it  again  went  to  Providence  and  came  bade  to 
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Boston,  at  which  final  station  it  was  clearly  read  by 
an  operator  without  the  loss  of  a  single  character,  or 
the  slightest  impairing  of  its  original  clearness,  and 
without  the  aid  of  any  person  except  the  transmit- 
ting operator  on  the  No.  i  circuit  in  Boston,  and  the 
receiving  operator  on  the  No.  6  circuit  in  Boston. 
All  this  was  done  over  one  and  the  same  wire,  so  that 
the  message  travelled  in  its  back-and-forth  journeys 
between  the  two  cities  about  three  hundred  miles,  or 
six  times  the  distance  between  the  two  cities." 

It  is  an  interesting  circumstance,  that,  in  the  prac- 
tical operation  of  the  Delany  system  in  England,  it 
has  been  found  that  the  operation  is  better  in  wet  or  St'S 
foggy  weather  than  it  is  in  clear,  dry  weather.  This  fo^Jy 
is  probably  due  to  the  fact  that  such  weather  permits  ^^^  **' 
a  ready  discharge  of  the  line,  which  is  thus  rid  of 
its  previous  charge. 
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CHAPTER  XIX 

SUBMARINE    TELEGRAPHY 

"The  submarine  telegraphs  of  the  world  number  i,750. 
Their  aggregate  length  is  nearly  200,000  miles;  their  total 
cost  is  estimated  at  $275,000,000,  and  the  number  of  messages 
annually  transmitted  over  them  at  more  than  6,000,000.  All 
the  grand  divisions  of  the  earth  are  now  connected  by  their 
wires,  and  from  country  to  country  and  island  to  island  the 
thoughts  and  words  of  mankind  are  instantaneously  trans- 
mitted. Beneath  all  oceans  save  the  Pacific  [written  before 
the  laying  and  use  of  the  Pacific  cable]  the  universal  lan- 
guage which  this  system  has  created  flows  uninterruptedly, 
and  man  talks  as  face  to  face  with  his  lellowman  at  the 
antipodes.  Darkest  Africa  now  converses  daily  with  enlight- 
ened Europe  or  America,  and  the  great  events  of  the  morning 
are  known  in  the  evening  throughout  the  inhabited  world. 
Adding  to  the  submarine  lines  the  land-telegraphic  systems 
by  which  they  are  connected  and  through  which  they  bring 
interior  points  of  the  various  continents  into  instantaneous 
communication,  the  total  length  of  telegraph  lines  of  the  world 
is  1,180,000  miles,  the  length  of  their  single  wires  or  conduc- 
tors 3,800,000  miles,  and  the  total  number  of  messages  annu- 
ally sent  over  them  about  400,000,000,  or  an  average  of  more 
than  1,000,000  messages  each  day." — Bureau  of  Statistics  of 
Treasury  Department,  U,  S.  A, 

UBMARINE  telegraphy,  or,  as  it  is  sometimes 
called,  cable  telegraphy,  consists,  as  the  word 
indicates,  in  the  transmissicm  of  intelligence 
through  suitably  insulated  cables,  placed  under  the 
reieffSphy.  surface  of  a  body  of  water.  Such  cables  are  some- 
times distinguished  as  sub-aqueous  cables,  when  they 
are  laid  across  rivers  or  other  bodies  of  fresh  water, 
and  submarine  cables  when  they  are  laid  on  the  bot- 
tom of  the  ocean. 

The  earliest  attempt  at  the  transmission  of  signals 

w^or^'f^  through  submarine  cables  dates  back  to  1839.    Here, 

tcteJSjSy.  however,  the  insulating  material  employed  consisted 

simply  of  cotton  or  hemp,  coated  with  asphaltum  or 
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tar,  and,  as  we  can  now  readily  understand,  such  a 
wire  was  only  capable  of  transmitting  signals  for  a 
ccxnparatively  short  time.  Nor  were  any  of  the 
numerous  subsequent  attempts  made  between  1839 
and  1849  any  more  successful,  until  gutta-percha 
was  employed  as  the  insulating  material.  The  first 
submarine  wire  insulated  with  gutta-percha,  at  least 
so  far  as  the  United  States  is  concerned,  was  laid 
across  the  Hudson  River  between  New  York  and 
Jersey  City  in  1848.  This  wire,  however,  was  fiu:- 
nished  with  no  protective  covering  other  than  that 
of  the  gutta-percha  itself,  and,  consequently,  soon 
failed. 

The  first  submarine  cable  was  laid  across  the  En- 
glish Qiannel  between  Dover  and  Calais  in  1850. 
This  was  also  an  unprotected  cable,  consisting  of  agf^P^*^; 
single  strand  of  copper  wire  covered  with  gutta- 
percha. It  worked  successfully  for  a  single  day, 
and  then  failed.  Undeterred,  however,  by  this  fail- 
ure, the  cable  was  relaid  in  1851,  and  this  time  suc- 
cessfully, for  it  took  the  shape,  as  we  shall  hereafter 
see,  that  it  is  necessary  for  successful  submarine 
cables  to  have;  viz.,  that  in  which  a  number  of  sepa- 
rate conducting  wires  are  suitably  protected  by  an 
armor  of  heavy  wires  on  the  outside. 

It  has  only  been  by  means  of  the  experience  gained 
as  a  result  of  the  many  failures  of  the  early  subma- 
rine cables  that  were  constructed  in  the  years  b^xheidcaof 
tween  1853  and  1858,  that  the  submarine  cable  of  JJbu^**°^*^ 
to-day  has  reached  its  present  highly  effective  condi- 
tion. The  fact  which  was  at  last  satisfactorily  es- 
tablished, that  telegraphic  communication  could  be 
maintained  for  a  practically  indefinite  time  through 
cables  extending  under  the  ocean  for  distances  of 
several  hundred  miles,  led  to  the  then  bold  project 
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of  attempting  to  establish  telegraphic  communica- 
tion between  Europe  and  America  by  means  of  a 
submarine  cable  resting  on  the  bed  of  the  Atlantic 
Ocean.  Before,  however,  proceeding  to  a  history 
of  this  great  undertaking,  it  will  be  well  to  examine 
somewhat  more  fully  into  the  peculiarities  of  the 
submarine  cable  employed  so  extensively  to-day  in 
most  of  the  oceans  of  the  world. 

The  submarine  cable  consists  of  a  central  conduc- 
tor, formed  of  a  number  of  strands  of  copper  wire, 
and  insulated  by  gutta-percha  applied  in  several  suc- 
conrtruc-  ccssivc  layers.  On  the  outside  of  the  gutta-percha 
rabi^uine  ^^  placed  a  layer  of  hemp,  known  technically  as  the 
«*^*«*  bedding.  This  is  provided  for  receiving  the  outer 
or  protective  envelope,  generally  formed  of  iron 
wires,  and  called  the  armor  or  shield.  A  submarine 
cable,  therefore,  consists  of  four  distinct  parts;  viz., 
the  central  conducting  wire  or  core;  the  insulating 
material  surrounding  such  core ;  the  bedding  of  hemp 
or  other  material  surrounding  such  insulating  mate- 
rial ;  and  finally,  the  protective  envelope.  The  core  is 
now  invariably  made  of  several  strands,  it  being  con- 
sidered that  there  is  less  danger  of  entire  continuity 
being  lost  by  an  accident  to  the  cable.  The  size  of 
the  core  will  depend  on  the  length  of  the  cable  and 
the  speed  with  which  the  messages  are  to  be  trans- 
mitted through  it,  a  small,  long  core  having  a  much 
lower  speed  or  rate  of  transmission  than  a  short, 
thick  core. 

The  submarine  cables  consist  of  two  distinct  parts ; 
viz.,  the  part  which  is  to  be  laid  in  the  deep  water 
SwStS  of  the  sea,  which  is  called  the  deep-sea  cable,  and  the 
Sbl^  part  which  lies  in  the  water  near  the  shores,  called 
the  shore-end  cable.  Since  the  latter  part  of  the 
cable  is  exposed  to  the  action  of  the  waves  on  a 
rocky  bottom,   which  might   injure  the  cover  by 
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abrasion,  it  is  necessary  to  provide  for  this  part  of 
the  cable  a  heavier  sheathing-  or  armor  than  for  the 
deep-sea  cable.  This  difference  in  weight  may  b« 
nearly  6J4  times  greater  in  the  case  of  the  shore-end 
c^le,  the  weight  of  each  being  in  the  case  of  one 
particolar  cable  t2  tons  to  the  nautical  mile  for  the- 
shore-end,  and  r.8  tons  to  the  nautical  mile  for 
the  deep-sea  part  of  the  cable. 

An  example  of  a  submarine  cable  is  given  in  Fig. 
154.    It  represents  one  of  the  Atlantic  cables.    Here™ 
the  cores  are  formed  of  several  strands  of  copper 


wire,  insulated  by  four  separate  coatings  of  gutta- 
percha. On  this  is  placed  a  covering  of  tarred  hemp, 
and  finally,  on  the  outside,  a  number  of  iron  wires 
OTvered  with  hemp.  A  cross-section  of  the  cable  is 
represented  at  the  bottom  of  the  figure^ 

It  will  be  observed  that  a  submarine  cable  in 
reality  constitutes  a  condenser,  one  coating  of  which  ^Jwefw" 
is  formed  by  the  conducting  cores  and  the  other  by  ™i''"'«'» 
the  iron  sheathing  and  the  surrounding  water,  the  di- 
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electric  being  the  gutta-percha.  The  specific  induc- 
tive capacity  of  the  cable,  or  the  extent  of  the  charge 
it  is  capable  of  accumulating,  will  vary  with  the  char- 
acter and  extent  of  the  materials  employed  for  in- 
sulating, as  well  as  with  the  distance  between  the 
two  separate  coatings.  Copper  wire  of  the  highest 
conductivity  only  is  employed  for  the  core. 

There  is  no  substance  yet  found  that  equals  gutta- 
percha as  the  insulating  material  for  a  submarine 
^uaiftiS'    ^'^1^-     -^s  we  have  already  seen,  this  material  is 
°lrSa1or  ^^^^^^^7  '^^^^  for  Underground  cables  employed  for 
^gmarinc  the  telegraph  and  telephone  services  in  large  cities, 
owing  either  to  the  variations  in  the  temperature,  or 
to  various  other  destructive  agencies  to  which  such 
cables  are  apt  to  be  exposed.    But  for  a  cable  laid 
in  the  waters  of  the  deep  ocean,  there  is  yet  to  be 
discovered  an  insulating  substance  that  will  maintain 
its  high  powers  of  insulation  for  such  an  indefinitely 
long  time  as  will  gutta-percha.    This  immunity  from 
i^m^-*  deterioration  is,  probably,  owing  to  the  fact  that,  at 
SJSn'sbttL*^^  bottom  of  the  deep  sea,  the  temperature  not  only 
remains  constant  all  the  year  round,  but  is  a  com- 
paratively low  temperature;  viz.,  that  of  the  maxi- 
mum density  of  ocean  water.    Moreover,  a  properly 
constructed  cable  is,  under  these  circumstances,  en- 
tirely freed  from  the  action  of  any  corrosive  agen- 
cies, since  the  character  of  the  surrounding  water 
remains  practically  the  same  all  the  year  round. 

A  submarine  cable,  when  properly  laid,  unless  dis- 
turbed by  some  accident,  remains  intact  for  a  long 
to^ib?*^  time;  indeed,  barring  accidents,  for  a  practically 
2|gJ2J  indefinite  time.  But  there  are,  unfortunately,  nu- 
merous accidents  that  may  occur  to  submarine  cables, 
against  many  of  which  it  is  difficult  to  provide. 
One  of  the  most  evident  of  such  dangers  is  that 


ore. 
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which  arises  from  the  rupture  of  the  cable,  which 
may  be  caused  by  a  ship's  anchor.  Practically,  there 
is  no  part  of  the  shallow  water  of  the  ocean  in  which 
a  vessel  may  not  occasionally  anchor,  so  that  thisfJ^JJ^' 
danger  is  nearly  always  present.  A  ship  may  readily, 
during  a  heavy  storm,  drag  its  anchor,  and  thus 
break  even  the  strongest  cable. 

Another  danger  arises  from  the  constant  chafing 
of  the  cable  on  the  rocky  bottom  in  places  where 
the  cable  is  markedly  exposed  to  the  rising  and  fall- 
ing of  the  tide.  This  chafing  action  in  time  willSSSfSvel 
suffice  to  wear  away  the  strongest  cable.  It  is  both"*"*^ 
for  this  reason,  and  to  render  the  cable  less  apt  to  be 
broken  by  an  occasional  anchor,  that  the  shore  end 
is,  as  we  have  already  pointed  out,  provided  with 
a  greater  thickness  of  armor  or  sheathing  than  the 
deep-sea  part. 

A  curious  and  unlooked  for  danger  was  discovered 
in  the  case  of  the  Levant  cable,  which  was  laid  in 
1858,  and  taken  up  in  1859,  ^^  account  of  a  failure  oangen 
in  its  action.  It  was  then  found  that  the  cable  had  S5iSl>haga. 
been  attacked  by  millions  of  small  shell-fish ;  together 
with  great  numbers  of  small  worms,  which  had  al- 
most completely  destroyed  the  unprotected  hemp 
sheathing,  and  had  even  eaten  their  way  into  the 
gutta-percha  or  insulating  material.  Huxley,  to 
whom  a  sample  of  this  cable  was  sent  for  examina- 
tion, reported  as  follows : 

"The  specimens  you  have  sent  me  remove  all 
doubt  as  to  the  nature  of  the  mischief-maker  in  the 
cable.  It  is  a  bivalve  shell-fish,  the  xylophaga,  on  th?^ 
closely  allied  to  the  ship  worm  (teredo),  but  distin- *^ °^****** 
guished  from  it,  among  other  peculiarities,  by  not 
lining  its  burrow  with  shelly  matter.  The  xylophaga 
turns  beautifully  cylindrical  burrows,  always  against 
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the  grain,  in  wood;  and  I  have  no  doubt  it  per- 
forated the  hempen  coating  of  the  cable  in  the  same 
way.  On  meeting  the  gutta-percha  it  seemed  not  to> 
have  liked  it,  and  to  have  turned  aside,  thus  giving 
rise  to  the  elongated  grooves  which  we  see.  Noth- 
ing is  known,  so  far  as  I  am  aware,  of  the  range  in 
depth  of  the  xylophaga,  so  that  I  can  not  answer 
your  inquiry  as  to  whether  it  is  probable  that  cables 
immersed  in  600  to  2,000  faithoms  of  water  would 
be  attacked  or  not." 

The  opinion  expressed  by  Prof.  Huxley  as  re- 
gards the  dislike  of  the  xylophaga  (wood-eaters)  for 
gutta-percha  has  been  discredited  by  the  fact  that  a 
The         cable  taken  up  in  Kurrachee  Harbor  was  foimd  to 
2<?|utti-  have  been  eaten  away  not  only  at  the  woody  fibre  of 
***"         the  hemp,  but  also  at  the  gutta-percha  itself.  It  is  an 
interesting  fact  that  this  low  order  of  animal  life, 
the  xylophaga,  should  be  able  to  recognize,  under 
such  strange  surroimdings,  in  the  woody  fibre  of  the 
hemp,  a  material  similar  to  that  of  the  wooden 
ships'  bottoms  that  had  for  so  many  generations 
constituted  the  chief  article  of  their  diet. 

The  danger  from  the  xylophaga  appears  to  exist 
in  all  latitudes,  and  indeed,  to  a  great  extent,  in  all 
depths  in  the  ocean ;  for,  when,  in  1865,  a  repair  was 
made  in  a  portion  of  the  Atlantic  cable  of  1858,  it 
anVthe  was  fouud  that  where  the  iron  sheathing  had  been 
cable  ot  dissolved  away,  the  gutta-percha  had  been  attacked, 
since,  as  the  report  as  to  its  condition  states,  "where 
the  core  has  been  bared  there  are  distinct  marks  of 
worms,  such  as  one  sees  in  very  old  hard  timber,  or 
in  the  rich  calf  binding  of  old  folios  in  a  library." 

There  are  cases  on  record  where  a  submarine  cable 
has  evidently  been  attacked  by  some  vicious  monster 
of  the  deep,  which  has  sqpparently  mistaken  the  strange 


SUBMARINE    TELBQRAPHT  881 

intruder  into  his  domain  for  some  new  species  of 
enemy.    In  the  case  of  a  cable  laid  between  Penang 
and  Singapore,  in  December;  1870,  and  which  was 
stopped  by  a  serious  fault  during  the  following  Singapore 
March,  it  was  found,  on  raising  the  cable,  that,  atScsword- 
a  point  some  300  miles  from  Singapore,  the  cable  ^**' 
had  been  pierced  in  the  middle  by  some  animal,  as 
was  evident  from  the  fact  that  pieces  of  bone  were 
still  imbedded  in  the  hole.    An  examination  of  this 
fault  afterward  led  to  the  belief  that  the  attack  had 
been  made  by  a  species  of  sword-fish. 

But  a  most  curious  case  of  interference  with  a 
submarine  cable  is  related  by  Preece,  in  r^ard  to 
one  of  the  cables  laid  in  the  Persian  Gulf : 

"Xhe  soundings  at  the  fault  were  very  irregular, 
with  overfalls  from  30  to  70  fathoms.  On  winding 
in  the  cable  unusual  resistance  was  experienced,  as 
if  it  were  foul  of  rocks,  but,  after  persevering  for  Slf^PcSian 
V)me  time,  the  body  of  an  immense  whale,  entangled  the  wLaic. 
in  the  cable,  was  brought  to  the  surface,  where  it 
was  found  to  be  firmly  secured  by  two  and  a  half 
turns  of  the  cable  immediately  above  the  tail.  Sharks 
and  other  fish  had  partially  eaten  the  body,  which 
was  rapidly  decomposing,  the  jaws  falling  away  on 
reaching  the  surface.  The  tail,  which  measured 
fully  12  feet  across,  was  perfect,  and  covered  with 
barnacles  at  the  extremities. 

"Apparently  the  whale  was,  at  the  time  of  en- 
tanglement, using  the  cable  to  free  itself  from  para- 
sites, such  as  barnacles,  which  annoy  them  very  wibiMnnc 
much,  and  the  cable  hanging  in  a  deep  loop  over  aJSJ!^ 
submarine  precipice,  he  probably,  with  a  fillip  of  his 
tail,  twisted  it  round  him,  and  then  came  to  an 
untimely  end." 

The  first  submarine  cable  crossing  an  ocean  was  cynu  w 
that  laid  in  1858,  by  Cyrus  W.  Field,  across  the^*^'^- 


3^  ELECTRICITY  IN  EVMHT-DAT  LIFE 

Atlantic  between  Ireland  and  Newfoundland.  This 
cable,  unfortunately,  lasted  only  for  a  few  wedcs. 
Owing  to  its  great  lengfth  for  these  early  times,  there 
were  necessarily  many  imperfections  in  its  con- 
struction, which  caused  it  to  fail  after  this  short 
service.  Its  ability,  however,  to  send  and  receive 
intelligible  signals,  even  if  only  during  the  few 
weeks  of  its  commercial  existence,  was  suiiicient 
to  encourage  Mr.  Field  and  his  associates  to  con- 
tinue their  efforts,  and  eventually  to  lead  to  the 
successful  laying  of  the  Atlantic  cables  of  1865  and 
1866. 

It  is  a  difficult  matter  thoroughly  to  understand 
and  appreciate  the  many  serious  obstacles  that  had 
to  be  overcome  in  order  successfully  to  establish 
communication  between  different  countries  by  means 
of  cables  laying  on  the  bed  of  the  ocean.  Although 
Mr.  Field  was  associated  with  other  able  men,  it  is 
inteuigent  generally  acknowledged  that  it  was  to  Field's  energy 
m^f^ed  2ind  perseverance,  as  well  as  to  a  Yankee  character- 
SUfiiSic  istic,  intelligent  pluck,  that  the  world  is  to-day  in- 
«*"*•  debted  for  what  was,  perhaps,  one  of  the  greatest 
achievements  in  the  practical  electric  arts;  viz.,  the 
final  establishment  of  cable  communication  between 
the  Eastern  and  Western  continents.  It  will  be 
profitable,  therefore,  to  go  somewhat  in  detail  into 
the  early  history  of  this  great  enterprise.  Had  it 
been  originally  undertaken  by  men  of  less  intelli- 
gence, energy,  and  pluck,  the  world  might  even  to- 
day have  been  without  that  delicate  metallic  cobweb 
which  is  doing  so  much  to  hasten  the  day  when  all 
the  nations  of  the  world  will  be  joined  together  in 
one  great  brotherhood. 

It  IS  a  comparatively  unimportant  matter  as  to 
who  was  the  first  to  conceive  of  the  general  idea  of 
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an  Atlantic  cable,  since  the  greater  credit  undoubt- 
edly belongs  to  the  man  who  was  first  able  to  carry 
sudi  an  idea  into  actual  practice.  It  seems  that  in 
1851,  a  Mr.  Gisbome,  who  had  been  engaged  as  an 
engineer  in  laying  telegraph  lines  through  some  of 
the  eastern  parts  of  Canada,  conceived  the  idea  of 
extending  a  telegraph  line  across  the  island  of  New- 
foundland. In  1852,  Gisborne  obtained  a  charter 
for  a  company,  called  the  Newfoundland  Electric 
Telegraph  Company,  which  was  to  have  during  aSS^tS?* 
period  of  thirty  years  the  exclusive  right  to  erect  {foc^JSis 
telegraphs  in  Newfoundland.  This  company  erected  uS?^""* 
some  forty  miles  of  this  line,  when,  being  unable  to 
obtain  any  further  financial  help,  the  company  failed, 
and  Gisbome  suffered  severe  financial  loss.  Gis- 
bome apparently  never  entertained  the  idea  of  ex- 
tending a  submarine  cable  from  Newfoundland  to 
Ireland,  for  the  charter  of  the  Newfoundland  Elec- 
tric Telegraph  Company  referred  to  the  fact  that  the 
company  expected  to  bridge  the  gap  of  the  Atlantic 
by  means  of  fast  steamers.  It  is  true  that,  in  after 
years,  he  claimed  that  he  had  intended  to  lay  a  cable 
also  across  the  ocean.  This,  however,  is  an  un- 
important matter,  since,  as  early  as  1841,  Morse 
had  expressed  a  deliberate  conviction,  founded  on 
experiments,  that  "a  telegraphic  communication 
might,  with  certainty,  be  established  across  the  At- 
lantic Ocean."  We  only  refer  to  Mr.  Gisbome's 
telegraph  line  across  the  island  of  Newfoundland 
because  it  formed  a  part  of  the  history  of  Mr. 
Field's  connection  with  the  laying  of  the  first  At- ' 
lantic  cable. 

In  1854,  Gisbome  went  to  New  York  for  the  pur- 
pose of  obtaining  capital  to  complete  the  Newfound- SSapfcki 
land  telegraph.     While  there  he  came  in  contact 
with  Mr.  Field,  to  whom  he  explained  the  idea  of 
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shortening  the  time  of  commtinication  with  Europe 
by  means  of  a  telegraph  line  across  Newfoundland, 
with  communication  between  the  island  and  Europe 
by  means  of  carrier  pigeons  and  swift  steamers. 
The  idea  interested  Field,  who,  however,  so<m  ccai- 
ceived  the  broader  idea  of  not  only  connecting  such 
a  telegraph  line  with  the  City  of  New  York,  but  also 
of  laying  a  cable  across  the  Atlantic. 

As  a  cautious  business  man,  Mr.  Field  at  once 
took  steps  to  satisfy  himself  concerning  the  follow- 
ing points;  viz.,  first,  as  to  whether  there  were  any 
mechanical  difficulties  that  would  prevent  him  com- 
mercially from  carrying  out  the  plan  of  a  cable 
S?y  tttps.  across  the  Atlantic.  For  example,  as  to  whether  the 
character  of  the  bottom  of  the  ocean  between  these 
two  points  was  of  such  a  nature  that  difficulties 
might  be  expected  to  arise  from  the  action  of  the 
waves,  volcanoes,  or  ocean  currents ;  and,  second,  a§ 
to  whether  there  were  any  electric  difficulties  that 
would  prevent  telegraphic  communication  being  es- 
tablished through  so  long  a  cable  as  would  be  re- 
quired to  connect  Newfoundland  with  Ireland. 

The  business  sense  and  ability  of  Field  were 
manifested  by  the  systematic  manner  in  which  he 
went  to  work  to  inform  himself  concerning  these 
points.  He  at  once  wrote  a  letter  to  Lieutenant 
Maury,  who  was  then  at  the  head  of  the  National 
Field  to  Observatory  at  Washington,  as  to  the  difficulties  he 
mSST.*"  might  expect  to  arise  from  the  ocean,  and  another 
letter  to  Morse,  as  to  whether  in  his  judgment  it 
would  be  possible  to  establish  telegraphic  communi- 
cation through  so  long  a  cable.  The  answers  re- 
ceived were  prompt  and  satisfactory.  Maury  replied 
by  sending  a  copy  of  a  letter  he  had  prq>ared  for  the 
Secretary  of  the  United  States  Navy  on  the  same 
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subject  In  this  letter  Maory  pointed  out  the  fad 
that  the  greater  part  of  the  distance  between  New- 
foundland and  Ireland,  some  i,6oo  miks,  was  ooctt- 
pied  by  a  plateau  eminently  suitable  for  receiving-  a 
caUe.  The  surface  of  this  plateau,  instead  of  being 
covered  with  granite,  or  with  hard  angular  rocks^ 
was  covered  with  a  fine  ooze,  consisting  of  countless 
microscopic  shells.  In  referring  to  this  matter, 
Maury  speaks  as  follows: 

"But  whether  it  would  be  better  to  lead  the  wires 
from  Newfoundland  or  Labrador  is  not  now  the 
question ;  nor  do  I  pretend  to  consider  the  question 
as  to  the  possibility  of  finding  a  time  calm  enough,  m^aiLSSc 
the  sea  smooth  enough,  a  wire  long  enough,  a  ship  ^^^^' 
big  enough,  to  lay  a  coil  of  wire  sixteen  hundred 
miles  in  length ;  though  I  have  no  fear  but  that  the 
enterprise  and  ingenuity  of  the  age,  whenever  called 
on  with  these  problems,  will  be  ready  with  a  satis- 
factory and  practical  solution  of  them. 

"I  simply  address  myself  at  this  time  to  the  ques- 
tion in  so  far  as  the  bottom  of  the  sea  is  concerned, 
and  as  far  as  that  goes,  the  greatest  practical  difficul- 
ties will,  I  apprehend,  be  found  after  reaching  sound- 
ings at  either  end  of  the  line,  and  not  in  the  deep 
sea*  ■  •  • 

"A  wire  laid  across  from  either  of  the  above- 
named  places  on  this  side  will  pass  to  the  north  of 
the  Grand  Banks,  and  rest  on  that  beautiful  plateau 
to  which  I  have  alluded,  and  where  the  waters  of  the 
sea  appear  to  be  as  quiet  and  as  completely  at  rest 
as  it  is  at  the  bottom  of  a  mill-pond/' 

An  equally  favorable  ■  reply  came  from  Morse. 
Field  at  once  set  to  work  to  associate  himself  with 
a  ntmiber  of  men  of  capital,  energy,  and  intelli- 
gence. This  was  finally  done,  but  it  will  readily  be 
understood  that  it  was  not  by  any  means  in  a  sin- 
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Organiza- 
tion of  the 
New  York, 
Newfound- 
land and 
London 
Telegraph 
Company. 


Extract 

from 

charter 

of  the 

Glsborne 

Company. 


gle  day.  A  company  was  formed  that  bought  up 
the  old  charter  of  the  Newfoundland  Electric  Tele- 
graph Company,  and  succeeded  in  having  this  char- 
ter replaced  by  another,  that  was  called  the  New 
York,  Newfoundland  and  London  Telegraph  Com- 
pany. It  is  an  interesting  fact,  as  showing  the  in- 
tegrity of  the  people  who  were  associated  in  this 
great  enterprise,  that  one  of  the  first  actions  the 
Board  of  Directors  of  the  new  company  took  was  to 
draw  on  New  York  for  $50,000,  and  pay  off  in  full 
the  debts  of  the  old  company. 

As  showing  the  difference  between  the  new  and 
the  old  companies,  it  will  be  interesting  to  note  the 
following  words  taken  from  the  charter  of  the  Gis- 
bome  Company ;  viz. : 

"The  telegraph  line  of  this  company  is  designed 
to  be  strictly  an  'Inter-Continental  Telegraph.'  Its 
termini  will  be  New  York,  in  the  United  States,  and 
London,  in  the  Kingdom  of  Great  Britain;  these 
points  are  to  be  connected  by  a  line  of  electric  tele- 
graph from  New  York  to  St.  John's,  Newfoundland, 
partly  on  poles,  partly  laid  in  the  ground,  and  partly 
through  the  water,  and  a  line  of  the  swiftest  steam- 
ships ever  built  from  that  point  to  Ireland.  The 
trips  of  these  steamships,  it  is  expected,  will  not 
exceed  five  days,  and  as  very  little  time  will  be  occu- 
pied in  transmitting  messages  between  St.  John's 
and  New  York,  the  communication  between  the  latter 
city  and  London  or  Liverpool  will  be  effected  in  six 
days  or  less.  The  company  will  have  likewise  sta- 
tioned at  St.  John's  a  steam  yacht,  for  the  purpose 
of  intercepting  the  European  and  American  steam- 
ships, so  that  no  opportunity  may  be  lost  in  forward- 
ing intelligence  in  advance  of  the  ordinary  channels 
of  communication." 


In  contrast  with  this,  note  the  following  brief 
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extract  from  the  charter  of  the  New  York,  New- 
foandlaxid  and  London  Tdegraph  Company: 

''Whereas,  it  is  deemed  advisable  to  estabhsh  a 
line  of  telegraphic  comnmnication  between  America 
and  Europe  by  way  of  Newfoundland." 

The  first  work  of  the  new  company  was  to  com- 
plete the  tel^raph  line  across  the  island  of  New- 
foundland. This  was  finally  accomplished,  but  only 
after  considerable  difficulties,  so  that  there  was  thus 
completed  the  first  part  of  the  great  enterprise;  viz., 
direct  telegraphic  communication  with  the  eastern 
part  of  the  island  and  the  City  of  New  York.  This,  compie- 
however,  was  the  least  difficult  part  of  the  under- {l5?^ph 
taking.  The  inability  to  peer  into  the  future  is  not  Newfe!!^- 
infrequently  a  fortunate  circumstance.  Had  the^^' 
projectors  of  this  great  enterprise  any  idea  of  the 
continued  disappointments  and  failures  they  were 
to  meet  in  carrying  out  their  work,  there  is  but  little 
doubt  that  such  work  would  never  have  been  at- 
tempted. It  will  be  impossible,  in  the  brief  space 
that  can  be  given  to  this  matter,  to  attempt  to  fol- 
low all  the  preliminary  details.  We  must,  there- 
fore, pass  over  the  time  spent  by  Field  in  obtaining 
the  necessary  financial  aid,  not  only  from  private 
individuals,  but  also  from  the  governments  of  Eng- 
land and  the  United  States.  Nor  can  we  make  any 
reference  to  the  many  changes  that  were  necessary 
in  the  organization  of  the  company,  or  in  the  extent 
of  its  capital,  in  order  to  continue  the  work  after  the 
repeated  failures  that  occurred  before  the  Atlantic 
cable  was  finally  laid.  It  will  suffice  to  say  that,  in  Difficulties. 
1857,  Field  had  succeeded  in  getting  the  necessary 
cable  manufactured  and  safely  stowed  away  in  the 
holds  of  two  ships,  one  an  American  ship,  the  Ni- 
agara, and  the  other  a  British  ship,  the  Agamemnon. 

The  above-named  ships  met  at  Valencia  Bay,  Ire- 
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Theat« 
tempt  ot 
2857  "^^ 
the  Niag^ 
ara  and  the 
Agamtm." 
non. 


A  mvsteri- 
ous  xaalt 
which 
mends 
itself. 


Failure. 


land,  on  August  5,  1857.  It  was  decided  that  the 
Niagara  should  lay  the  first  half  of  the  cable  from 
Ireland  to  the  mid- Atlantic,  and  the  end  of  the  cable 
should  then  be  spliced  with  the  cable  on  the  Aga- 
memnon, which  should  lay  the  remaining  half.  The 
ships  left  the  Irish  coast  and  things  went  smoothly 
but  for  a  short  time.  When  only  five  miles  from 
land,  the  heavy  shore-end  of  the  cable  got  caught  in 
the  machinery  employed  for  laying  it,  and  parted. 
It  was,  however,  recovered,  and  spliced,  and  the 
vessels  again  sailed  westward  until  some  200  miles 
of  cable  had  been  paid  out,  when  the  signals  sud- 
denly failed,  with  the  cable  in  some  1,750  fathoms 
of  water.  After  making  several  efforts  to  locate  the 
trouble,  they  were  about  to  cut  the  cable  and  abandon 
the  enterprise,  when  the  electric  continuity  was  sud- 
denly restored.  The  cause  of  this  mysterious  fault 
has  since  been  ascribed  as  being  possibly  due  to  the 
fact  of  the  insulating  gutta-percha  parting  under  the 
immense  strain  to  which  the  heavy  cable  had  been 
put,  and  afterward  coming  together,  reinsulating  the 
core.  The  laying  of  the  cable  was  proceeded  with, 
and  all  things  again  went  on  smoothly,  when,  some 
335  miles  from  Ireland,  after  a  total  of  some  255 
miles  had  been  laid,  the  cable  suddenly  parted,  and 
dropped  into  the  deep  water  of  the  ocean,  so  that  this 
effort  was  abandoned.    This  occurred  on  August  1 1, 

1857. 


Undaunted  by  this  great  loss,  which  amounted  to 
som^  half  a  million  dollars,  the  telegraph  companies 
decided  to  continue  their  efforts  in  laying  the 
cable,  increased  their  capital  stock,  so  as  to  obtain 
money  for  such  purposes,  and  ordered  some  700 
miles  of  additional  cable  from  the  manufacturers, 
in  order  to  make  up  for  the  lost  cable  and  supply  a 
surplus  in  case  an  increased  length  were  necessitated 
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by  lite  drifting  of  the  ship.    This  cable  was  again 
safely  stowed  in  the  holds  of  the  Niagara  and  the 
Agametnnon.    This  time,  however,  it  was  decided 
that  the  two  halves  of  the  cable  should  be  simulta- JJiSi^"!^ 
neously  laid;  that  the  two  ships  should  meet  in^^fjj^ra 
mid-ocean,  splice  the  ends  of  their  cables,  and  then  mfJliV 
proceed  to  lay  the  cable  in  opposite  directions,  in^fd-At- 
the  meantime,  of  course,  keeping  up  continual  tele- stmuinne- 
graphic  communications  between  the  two  vessels,  2!bil  jS^ 
and  thus  continuously  testing  the  conducting  con-dfr^oos. 
tinuity  of  the  cable*     Accordingly,  on  the  25th  of 
June,  1858,  the  vessels  met  in  the  middle  of  the 
Atlantic,  spliced  the  ends  of  their  cables  together, 
and  sailed  respectively  east  and  west.    Again,  how- 
ever, misfortune  met  them.     When  each  ship  had 
paid  out  some  forty  miles  of  cable,  the  testing  cur- 
rent   showed   that    electric    continuity   had    again 
ceased.    A  testing  showed  the  curious  fact  that  each 
cable  had  &iled  at  the  same  second  of  time  at  a 
distance  of  less  than  ten  miles  from  each  ship.  This, 
however,  was  not  so  serious  a  matter,  and  the  two 
ends  of  the  cable  being  drawn  aboard  the  ships,  a 
new  splice  was  made,  and  the  ships  again  sailed  east 
and  west.     When,  however,  the  Agamemnon  had 
successfully  laid  some  200  miles  of  cable,  the  cur- breaks  ir^ 
rent  again  ceased  to  flow,  and  it  was  discovered  that  m*mS^i 
the  cable  had  broken  about  20  feet  from  the  stem 
of  the  Agamemnon.    Again,  therefore,  had  the  ef- 
fort £aiied.    The  cable  was  cut  from  the  stem  of  Failure  of 
the  Niagcsra,  and  both  vessels  proceeded  sorrowfully 
on  their  return. 

Again,  however,  intelligent  pluck  determined  the 
company  to  make  another  effort,  so  that,  in  due  The 
process  of  time,  the  same  vessels  again  met  in  mid-  M^^itioa 
ocean,  on  July  29,   1858,  and  after  splicing  their  ^  '^^^ 
cables,  again  sailed  in  opposite  directions.     This 
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time  the  effort  was  successful,  the  Niagara  reaching 
Trinity  Bay  August  5,  1858,  and  the  Agamemnon 

fxpSw^.  reaching  Valentia  Bay,  Ireland,  about  the  same  time. 
Field  being  on  board  the  Niagara,  The  announce- 
ment of  this  success  was  made  as  follows : 

"About  eight  o'clock  on  the  evening  of  the  4th 
instant,  while  the  Niagara  was  proceeding  up  Trin- 
ity Bay,  and  some  seventeen  or  eighteen  miles  dis- 
tant from  the  landing-place,  Mr.  Field  left  the  ship 
for  the  purpose  of  visiting  the  telegraph  station,  and 
if  possible  of  sending  a  despatch  to  the  United 
States  announcing  the  success  of  the  enterprise.  As 
the  boat  of  the  Porcupine  was  alongside,  it  was 
cheerfully  placed  at  his  disposal  by  Captain  Otter, 
who  had  now  undertaken  to  pilot  the  Niagara.  Mr. 
Field  immediately  set  out,  and  as  the  Gorgon  was 
the  on  her  way  to  the  Bay  of  Bull's  Arm,  at  the  head 

M^^*the  of  which  the  cable  was  to  be  landed,  he  went  on 

N^wfoSod-  board  that  vessel,  and  his  boat  was  taken  in  tow. 

^°**'  Here  he  was  warmly  received  by  Captain  Dayman 
and  his  officers,  who  were  in  the  full  enjoyment  of 
success.  It  was  near  two  o'clock  in  the  morning 
before  he  arrived  at  the  beach,  and  as  it  was  quite 
dark,  he  had  considerable  difficulty  in  finding  the 
path  that  led  up  to  the  station.  There  was  no  house 
in  sight,  and  the  whole  scene  was  as  dreary  and  as 
desolate  as  a  wilderness  at  night  could  be.  A  silence 
as  of  the  grave  reigned  over  everything  before  him ; 
while  behind,  at  the  distance  of  a  mile,  he  could  see 
the  huge  hull  of  the  Niagara  looming  up  indistinctly 
through  the  gloom  of  night,  and  the  light  of  her 
lamps  on  her  deck  making  the  darkness  still  darker 
and  blacker  by  the  contrast.  He  entered  the  narrow 
road,  and  after  a  journey  of  what  appeared  to  be 
twenty  miles,  came  in  sight  of  the  station,  which 
stands  about  half  a  mile  from  the  beach.  There  was, 
however,  no  sign  of  life  there,  and  the  house,  in  its 
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stillness,  seemed  strangely  in  unison  with  every- 
thing around.     It  had  a  deserted  appearance,  as  if 
it  had  long  since  ceased  to  be  the  habitation  of  man. 
In  vain  he  looked  for  a  door  in  the  front ;  there  was 
no  entrance  there;  he  looked  up  at  the  windows  in 
the  hope,  perhaps,  of  being  able  to  enter  by  that  way,  ^"  "*****■ 
but  the  windows  of  the  lower  story  were  beyond  his 
reach,  and  the  house  having  be«i  partly  built  on 
piles,  gave  it  the  appearance  of  being  raised  on  stilts. 
A  detour  of  the  establishment,  however,  led  to  the 
discovery  of  a  door  in  the  side,  and  through  this  he 
finally   succeeded   in   effecting  an  entrance.     The 
noise  he  made  in  getting  in,  it  was  natural  to  ex- 
pect, would  arouse  the  inmates,  but  there  seemed 
to  be  either  no  inmates  to  arouse,  or  those  inmates 
were  not  easily  disturbed.     He  stopped  for  a  mo- 
ment to  listen,  and  as  he  listened  he  heard  the 
breathing  of  sleepers  in  an  apartment  near  him. 
The  door  was  immediately  thrown  open,  and  in  a 
few  seconds  the  sleepers  were  awake,  wide  awake, 
and  opening  their  eyes  wider  and  wider  as  the  won- 
derful news  fell  upon  their  astonished  and  delighted 
ears.     They  could  hardly  believe  the  evidence  of 
their  senses,   and  were  bewildered  at  what  they 
heard.    The  cable  laid  I  when  but  a  few  short  weeks  EnthudMm 
before  they  had  received  the  news  of  disaster  and 
defeat,  and  they  had  looked  only  to  the  far  distant 
future  for  the  accomplishment  of  the  great  work. 
The  cable  laid,  and  they  unconscious  of  it — ^they 
who  had  waited  and  watched  so  many  weary  days 
and  weeks  for  the  ships  they  had  b^un  to  believe 
would  never  come.     What!  and  they  were  now  in 
the  bay — ^those  same  ships — within  a  mile  of  them ! 
Can  they  be  dreaming?    Dreaming!  no — what  they 
have  heard  is  true,  all  true,  and  there  is  the  living 
witness  before  them. 

"  'What  do  you  want  ?'  was  the  exclamation  of  the 
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first  who  was  awakened,  as  he  endeavored  to  rub  the 
sleep  out  of  his  eyes. 

Help  the        "  'I  want  you  to  get  up/  said  Mr.  Fidd,  *and  help 

S^jj^      us  take  the  cable  ashore.' 

"  'To  take  the  cable  ashore !'  re-echoed  the  odters, 
who  were  now  just  awaking*,  and  who  heard  the 
words  with  a  dim,  dreamy  idea  of  their  meaning — 
'To  take  the  cable  ashore  V 

"  *  Yes/  said  Mr.  Field,  'and  we  want  you  at  once.' 
"They  were  now  thoroughly  aroused,  and  direct- 
ing Mr.  Field  to  the  bedrooms  of  the  other  sleepers 
— for  there  were  four  or  five  others  in  liie  house — 
they  prepared  themselves  wilii  all  haste  to  assist  in 
landing  the  cable.  But  the  other  inmates  were  al- 
ready awake,  and  when  Mr.  Field  made  his  appear- 
ance in  the  corridor  which  divides  the  sleeping 
apartments  on  each  side  of  the  house,  he  found  them 
awaiting  him  in  the  lightest  description  of  summer 
clothing.  As  they  had  neither  pants,  vests,  coats, 
shoes  nor  stodcings  on,  the  curious  will  have  no 
difficulty  in  discovering  in  what  they  were  dressed. 
They  were  as  amazed  at  seeing  Mr.  Field  as  if  he 
were  an  apparition ;  and  when  they  recovered  them- 
selves sufficiently  to  ask  the  meaning  of  such  a 
strange  visitation,  they  were  thrown  into  another 
state  of  wonderment  by  what  he  related.  When 
they  learned  all,  they  dressed,  and  prepared  them- 
selves for  the  work  before  them." 

The  success  of  this  laying  of  the  first  Atlantic 

cable  was  heralded  with  the  most  extravagant  joy  on 

•  rejoicings    both  contincnts.    National  rejoicingfs,  illuminations, 

onsuccen-  ^  ,  «<*'*  ♦ 

fui  laying  and  popular  meetings  were  held  and  congratula- 
tory cablegrams  exchanged  between  the  two  govern- 
ments. The  first  message  sent  was  from  the  Queen 
of  England,  and  the  second  from  the  President  of 
the  United  States.     Public  exdtement  grew  stronger 
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and  stronger,  and  nothing  could  be  said  in  too  great 
praise  for  Field  and  his  associates.  Now  that  the 
great  work  had  been  successfully  accomplished, 
many  claimants  arose  for  credit  lor  the  final  success 
of  the  enterprise.  The  stock  of  the  company  nat- 
urally rose  in  value  and  the  future  seemed  painted 
with  the  brightest  promises,  when  suddenly,  with- 
out any  warning,  the  cable  utterly  failed  on  the  very  complete 
day  when  a  great  celebration  of  rejoicing  had  been  {SoTbte. 
held  in  New  York  City.  During  the  time  of  its 
operation,  some  730  messages  of  about  10,000  words 
were  successfully  transmitted.  The  total  cost  of  this 
cable  reached  the  sum  of  rather  more  than  one  and  a 
quarter  millions  of  dollars. 

There  was  naturally  a  great  revulsion  of  popu- 
lar feeling  at  this  total  failure  of  the  cable  after  Revuidon 
only  a  few  weeks'  operation.  Doubts  were  openly  £ie?uSi"^ 
expressed  as  to  whether  there  ever  had  been  any 
messages  received,  and  it  was  even  hinted  that  the 
entire  matter  was  a  discreditable  effort  to  permit  the 
directors  and  other  stockholders  to  unload  their 
shares  on  the  pubUc. 

This  untimely  failure  of  the  cable  of  1858  was 
naturally  followed  by  many  years  of  apparent  in- 
activity. Forttmately,  however,  during  this  time 
much  thought  was  naturally  given  to  the  subject  of 
ocean  telegraphy,  and  no  little  knowledge  was  gained  not  ab^? 
from  the  expensive  experience  of  Mr.  Field  and  his  cSlrpritc. 
associates.  There  was  at  least  one  man,  however, 
who  determined  that  the  cable  should  be  laid  if  it 
were  possible,  and  this  was  Mr.  Field.  He  made 
several  voyages  across  the  ocean  for  the  purpose  of 
interesting  English  capital  for  the  renewal  of  the 
enterprise.  In  the  meanwhile,  the  British  Board  of 
Trade  had  appointed  a  committee,  consisting  of  the 
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most  celebrated  electrical  engineers  in  the  country, 
to  report  on  the  entire  matter.  This  report  waa 
made  in  1863,  and  was  extremely  favorable. 

It  will  be  impossible  to  enter  into  details  of  the 
work  that  was  accomplished.    It  must  sufike  to  say 
-     that  finally  a  new  cable,  containing'  the  latest  im- 
Bipcdkioii  pTOvenaents  that  could  be  suggested,  was  constructed 
with%0     and  safely  placed  in  the  hold  of  the  Great  Eastern 
ElSlm.    on  July  15,  1865,  when  this  vessel  sailed  from  Eng- 
land toward  America,  paying  out  the  cable  as  she 
went.     When  some  84  miles  out,  a  fault  occurred. 
The  cable  was  successfully  drawn  aboard  the  vessel, 
when  it  was  discovered  that  a  small  piece  of  wire 
Anappar-  had  apparently  accidentally  caught  in  the  cable,  and 
aocilentai  had  cut  through  its  coating  until  it  came  in  contact 
with  the  central  core.    This  was  repaired,  and  the 
vessel  again  proceeded  westward,  successfully  pay- 
ing out  its  cable,  until  mid-ocean  was  reached,  when 
another   failure   occurred.      Fortunately,   however, 
tiie  experience  of  the  past  had  shown  die  necessity 
of  the  ^ip  carrying  with  it  apparatus  that  would 
enable  it  to  lift  the  cable  even  from  great  depths, 
and  on  this  being  done,  it  was  discovered  that  an- 
other similar  fault  had  occurred.    It  was  now  impos- 
Maiidoos    sible  to  Credit  this  to  accident.     Evidently  a  short 
piece  of  wire  had  been  intentionally  driven  through 
the  cable  until  it  made  contact  with  die  core,  pos- 
sibly in  the  interest  of  some  viDanous  stock-jobbing 
operation.    The  trouble,  however,  was  mended,  and 
the  great  ship  passed  on,  successfully  running  out 
its  cable  until  some  1,186  milesof  cable  had  been  paid 
out,  when  another  fault  occurred.    Here,  in  endeav- 
oring to  take  a  portion  of  the  sunken  cable  aboard,, 
it  broke,  and  the  cable  sunk  in  the  deep  waters  of 
the  ocean.    It  is  an  interesting  fact  that  efforts  were 
immediately  made  to  grapple  for  the  cable,,  which 
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was  several  times  caught,  and  once  even  raised  In 
sight  above  the  water,  when  it  fell,  was  again  lost, 
and  this  time  finally,  since  they  were  obliged  to 
abandon  further  efforts  on  accotmt  of  want  of  sound- 
ing-line. Again,  then,  the  great  enterprise  hadp^nure 
failed.  In  this  case  the  cost  of  the  cable  alone,  expeditioo. 
in  cash  and  the  shares  of  the  company,  reached  the 
sum  of  $3,000,000. 

Again  the  intelligent  pluck  of  the  promoters  of 
this  great  enterprise  manifested  itself  by  determin- The  suc- 
ing  to  lay  a  new  cable  and  pick  up  the  lost  cable  pediuonoif 
and  extend  it  to  America.      Expeditions  for  this  2?^!^**/ 
purpose  left  England  in  1866,  with  the  new  cable  ^*^"^*' 
stowed  in  the  hold  of  the  Great  Eastern.     This 
time  the  cable  was  successfully  laid,  and  placed  in 
actual  commercial  work.     Subsequently,  the  cable 
of  1865  was  recovered  from  the  depths  of  the  ocean,  Reeovciy 
successfully  spliced  to  a  new  length,  and  safely  car-  %t  ilssf 
ried  to  America,  thus  making  two  cables  across  the 
ocean.     The  speed  of  transmission  over  these  cables 
was,  at  the  beginning,  eight  words  per  minute,  but 
was  subsequently  increased  to  fifteen  words  per  min- 
ute. 

In  this  way  the  great  enterprise  was  completed, 
but  not  until  after  repeated  failures,  and  at  a  total 
cost  that  has  been  estimated  as  being  equal  to  at 
least  $12,000,000. 

It  will  be  interesting,  in  this  connection,  to  note 
the  following  data  concerning  the  cable  of  1865, 
which  was  recovered  in  mid-ocean,  and  finally  sue-  ^ 
cessfully  laid.  The  cross-section  of  the  deep-sea 
part  and  the  shore-end  are  represented  respectively 
at  the  upper  and  lower  parts  of  Fig.  155.  The  core 
consisted  of  seven  copper  wires,  six  of  which  were 


Cable  of 


MLsanuatTT  nr  xTtsT-Bsr  lifb 

placed  aroond  the  central  wire  in  the  manner  shown. 
This  copper  wire  had  a  conductiDg  power  equal  to 
85  per  cent  of  the  conducting-  power  of  pure  cop- 
per, which  was  considered  high  in  those  days,  bnt 
which  would  never  be  permitted  to  pass  to-day. 
The  central  wire  was  first  oivered  with  an  especial 
insulating-  compound,  known  as  Chatterton's  com- 
pound. On  this  the  six  additional  wires  were  laid 
spirally,  and  another  layer  of  Chatterton's  compound 
applied,  when  a  coating  of  the  best  gutta-percha  was 
applied,  and  another  layer  of  Chatterton's  compound 


was  placed  on  the  cable.  This  was  done  successively, 
until  some  four  coatings  of  gutta-percha  were  applied. 
At  this  step  in  its  manufacture,  the  cable  was  care- 
fully tested  for  electric  continuity,  after  being  im- 
mersed in  water  for  thirty-six  hours.  The  cable 
was  then  wrapped  in  jute,  which  had  been  dipped  in 
caoutchouc,  and  the  wrapping  surrounded  by  ten 
wires  placed  in  the  position  shown  in  the  figure. 

The  shore-end  of  the  cable  was  the  heaviest  ever 
constructed  at  that  time.    It  was  prepared  as  follows : 
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The  same  deep-sea  cable  was  wrapped  with  a  serv- 
ing of  yam,  and  was  then  covered  with  twelve 
strands  of  galvanized  iron  wire,  each  consisting  of  J^S^?^ 
three  galvanized  wires  one-quarter  of  an  inch  thick.  S'Sbff* 
The  weight  of  this  part  of  the  cable  was  twenty  °**^^ 
tons  to  the  nautical  mile,  the  entire  cable  being  two 
and  a  half  inches  in  diameter.    The  shore-end  was 
gradually  tapered  in  size  to  where  it  was  joined  on 
to  the  deep-sea  cable.    This  shore-end  cable  extended 
some  28  miles  off  the  coast  of  Valentia  Bay,  where 
it  reached  to  the  depth  of  100  fathoms. 

In  closing,  it  may  be  well  to  call  attention  to  some 
of  the  information  that  has  only  been  gained  by  the 
expensive  experience  of  the  layers  of  the  first  cable. 
It  sometimes  happens,  during  the  laying  of  a  cable, 
that  a  storm  arises  so  severe  that  there  would  be 
danger  for  the  vessel  to  continue  to  hold  the  cable. 
Under  these  circumstances,  the  cable  is  cut,  and,  ex- 
treme care  being  taken  to  close  the  core  water-tight, 
the  cut  end  of  the  cable  is  secured  to  a  length  of  wire, 
to  which  a  form  of  anchor  called  a  mushroom  anchor  SSSSS?^ 

^_  4        Kl 

is  attached.  The  cable  is  then  lowered  from  the  ship  SuSig* 
and  secured,  as  shown  in  Fig.  1 56,  to  a  buoy.  The  "^"^ 
particular  form  of  anchor  called  the  mushroom  an- 
chor is  preferred  for  ^uch  purposes,  since  it  will 
moor  the  end  of  the  cable  safely  without  fixing  itself 
so  firmly  among  the  rocks  as  to  require  too  great 
an  effort  in  order  to  loosen  it.  Of  course,  as  soon 
as  it  becomes  safe  to  do  so,  the  cable  is  again  taken 
up  into  the  ship,  carefully  spliced,  and  the  laying 
proceeded  with  in  the  usual  manner. 

In  order  to  save  time,  the  shore-end  of  the  cable 

is  generally  laid  by  another  ship,  so  that,  when  the 

deep-sea  cable  reaches  this  part,  it  only  remains  to 

splice  the  two  cables  together. 

Vol  iii.-ie 
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The  ship  that  is  intended  to  be  used  for  laying 

sp^       submarine  cables  is  now  especially  fitted  with  appa- 

o?cl^b?e*°*  ratus  required  in  its  work.    All  cable  ships  must  be 

•wp.         furnished  with  tanks  intended  to  receive  the  cable, 

and  so  arranged  that  they  can  be  readily  filled  with 


Fio.  156. — ^Temporary  Buoy  Mooring  of  Cable  with  Misshnxmi  Anchor. 

water  after  the  cable  is  stowed  away  within  them. 
These  tanks  are  securely  attached  to  the  frame  of 
the  ship,  so  as  to  remain  firm  in  all  kinds  of  weather, 
and  thus  avoid  danger  to  the  cable  from  chafing. 
Large  cable  or  telegraph  ships,  built  especially  for 
the  purpose,  can  readily  hold  an  entire  cable  capable 
of  spanning  the  Atlantic  Ocean.    Such  ships  require 
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to  be  fitted  with  powerful  mechanical  apparatus  for 
the  purpose  of  taking  up  the  cable  after  it  has  been 
laid,  in  order  to  repair  a  fault,  should  such  occur 
during  the  process  of  laying.  As  we  have  seen, 
even  in  the  early  times  when  the  Great  Eastern  was 
employed  for  these  purposes,  this  ship  had  means  for 
taking  up  a  portion  of  the  cable  when  a  fault  oc- 
curred. Cable  ships,  too,  are  now  provided  with 
well-designed  grappling  apparatus,  so  that  it  is  a 
comparatively  easy  thing  to  pick  up  a  cable  at  sea. 
But  in  addition  to  these  furnishings,  all  cable  ships 


Fio.  157.— Cable  Ship  U  Anchor. 

contain,  both  at  the  bow  and  stem,  large  sheaves 
or  grooved  wheels,  in  the  shell  of  a  block  or  pulley,  wiihbow 
over  which  the  cable  runs  either  when  paid  out  or 
drawn  in.    A  cable  ship  provided  with  such  sheaves 
at  the  bow-end  is  seen  in  Fig.  157. 

The  number  of  sulsnarine  cables  that  are  now  in 
use  in  different  parts  of  the  world  is  constantly  in- 
creasing. There  are  now  some  thirteen  submarine 
cables  crossing  the  Atlantic  A  cable  chart  of  the 
world  is  shown  in  Fig.  158.  An  examination  of  this 
chart  will  show  that  there  are  numerous  submarine 
cables  skirting  the  shores  of  South  America,  Africa, 
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Australia,  and  parts  of  Asia;  that  cables  extend 
across  the  Atlantic  from  Pemambuco,  South 
America,  to  Europe,  by  the  way  of  some  of  the  isl- 
ands that  he  northwest  of  Africa.  A  number  of 
cables  extend  through  the  Mediterranean  and  RedSSfof 
Seas,  through  the  Indian  Ocean,  and  thence  through  ^^^  ^^^ 
the  islands  of  the  East  Indies  to  Melbourne  and  Syd- 
ney, Australia,  and  to  New  Zealand.  A  cable  has 
been  laid  across  the  Pacific  Ocean  from  San  Fran- 
cisco to  the  Sandwich  Islands,  and  thence  to  the 
Philippines. 
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CHAPTER  XX 

OPERATION    OF    SUBMARINE    CABLES 

"Upon  the  progress  of  submarine  telegraphy  in  the  future 
as  in  the  past  a  great  deal  of  the  world's  commerce  and  in- 
dustrial progress  must  depend,  and  not  only  the  progress  of 
the  world  collectively,  but  the  relative  importance  and  united 
relationship  of  certain  parts  of  it  The  constant  extension 
and  duplication  of  the  cable  and  land  lines  themselves,  the 
fact  that  the  communications  have  been  effected  chiefly  by 
Englishmen  and  retained  for  the  most  part  in  British  and 
American  hands,  the  great  reduction  made  in  telegraph  tariffs, 
the  improvement  in  speed  and  volume  of  telegraphic  traffic 
may  be  continued  and  supplemented  by  others  in  the  near 
future.  But  how  and  by  whom  this  is  to  be  done,  especially 
whether  by  men  of  our  race  and  institutions  and  in  the  in- 
terests of,  or  at  least  not  to  the  detriment  of,  the  continued 
growth  of  harmony  and  union  of  the  English-speaking  world 
— all  this  depends  upon  the  enterprise  as  well  as  the  political 
wisdom  and  decision  of  purpose  of  the  present  generation." — 
Charles  Biught 

HERE  is  a  popular  impression — which,  like 
many  other  popular  impressions,  is  errone- 
ous— ^that  in  so  great  a  conducting  wire  as 
a  submarine  cable  extending,   for  instance,   from 
Ireland  to  Newfoundland,  very  powerful  electric 
currents  must  be  employed  in  order  to  force  the  sig- 
uii^*^"*  nals  through  the  conductor  from  one  end  to  the 
S'SSigS'^  other.    This  is  far  from  being  the  case,  as  we  will 
SS^rgea     ^^w  cudeavor  to  explain.     When  one  terminal  of 
submarine  ^  battery,  or  other  electric  source,  is  connected  with 
one  end  of  a  submarine  cable,  while  the  other  end  of 
the  battery  is  put  to  ground,  an  electric  current  will 
continue  to  flow  into  the  conductor  until  it  is  of  the 
same  electric  pressure  or  potential  as  that  of  the 
battery.     In  the  case  of  a  short  cable,  the  charge 
which  is  acquired  in  this  way  will  be  ahnost  imme- 


OPERATION    OF  SUBMARINE    CABLES  863 

diately  lost  or  dissipated  when  the  connection  with 
the  battery  is  broken.  In  the  case  of  a  long  cable, 
however,  such,  for  example,  as  that  extending  across 
the  Atlantic,  a  large  charge  accumulates  in  the 
conductor.  Consequently,  a  current  will  continue  to 
pour  out  of  the  cable  long  after  the  connection  be- 
tween the  battery  and  the  cable  is  broken.  As  we 
have  seen,  a  cable  acts  exactly  like  a  condenser,  and, 
in  the  case  of  a  cable  extending  across  the  Atlantic 
Ocean,  a  condenser  of  no  inconsiderable  size.  Since 
the  cable  lies  on  the  ground,  the  amount  of  its  charge 
will  be  much  greater  than  it  would  be  if  it  were  sus- 
pended in  the  air.  Consequently,  in  the  case  of  a 
large  cable,  if  a  powerful  battery  is  employed,  the 
value  of  the  charge  in  the  cable  will  be  great ;  and, 
since  no  signal  can  be  sent  into  the  cable  tmtil  the^^H^ 
charge  it  has  received  is  dissipated,  the  speed  of  sig-  ^^^^ 
nailing  will  necessarily  be  exceedingly  small.  Forworu^ 
this  reason,  therefore,  it  is  advisable  to  employ  ex-SbSr^ 
tremely  small  currents,  since,  in  this  way,  the  time 
both  of  the  charge  and  of  the  discharge  is  consid- 
erably decreased.  Another  reason  for  employing 
a  small  current  arises  from  the  fact  that,  if  a  slight 
imperfection  exists  in  the  insulation  of  the  cable, 
the  use  of  a  strong  current  may  cause  this  leak  to 
increase,  and  thus  bring  about  the  final  failure  of 
the  cable. 

In  the  case  of  the  Atlantic  cable,  when  a  current 
is  sent  into  the  line  from  the  Newfoundland  end, 
although  some  little  effect  is  immediately  produced 
at  the  end  in  Ireland,  yet  the  current  sent  into  the 
cable  at  Newfoundland  must  continue  its  charging 
action  on  the  great  Ley  den  jar,  of  which  the  cable 
consists,  so  that  a  very  appreciable  time  elapses  be- 
fore the  current  strength  at  Ireland  is  sufficiently 
great  to  produce  any  decided  effect  even  in  the 
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delicate   receiving   instrument   employed    in    cable 
telegraphy.     Culley  has  found  as  a  result  of  actual 
tests  on  this  caUe  that  it  requires  .2  of  a  second  for 
qiSL^r  21  current  sent  into  the  cable  at  Newfoundland  to 
ow*Au£i-  sensibly  affect  the  receiving  instrument  at  Ireland ; 
tic  cable.    ^^^  after  .4  of  a  second,  the  current  has  only  at- 
tained 7  per  cent  of  its  maximum  strength ;  and  that 
it  is  not  until  some  3  seconds  that  it  has  gained  its 
full  strength  and  flows  uniformly.     Culley  thus  re- 
fers to  the  retarding  action  exerted  by  a  cable  and 
the  effect  produced  on  signals  as  follows : 

"The  action  of  a  current  in  a  long  cable  can  be 
shown  in  the  following  way,  if  a  looped  caUe  of 
sufficient  length  or  an  artificial  cable  is  available. 
A  Morse  ink-writer  is  fitted  with  two  electro-mag- 
nets and  writing-disks;  one  is  placed  in  a  local  cir- 
cuit so  as  to  show  the  actual  duration  of  the  battery 
contact,  and  the  other  at  the  distant  end  of  the  cable 
to  show  the  signal  received.    The  first  will  produce 
the  upper  line  of  the  following  illustrations   [our 
Fig.  159],  the  second  the  middle  line: 
"(A)  The    instrument   will    not   commence  to 
Sa^aT*    mark  the  paper  until  the  current  has  attained  a 
iLtelSrine  certain  strength  dependent  on  the  sensitiveness  of 
cables.       ^^  instrument,  and  it  will  continue  to  marie  until 
the  current  has  fallen  below  that  strength. 

"(B)  When  the  cable  is  insulated  at  the  sending 
end  after  each  signal,  so  that  its  charge  can  escape 
at  the  receiving  end  only;  if  dashes  are  sent  of  the 
length  shown  by  the  upper  of  the  two  lines  [our 
Fig.  159],  they  will  be  prolonged  by  the  escape  of 
the  charge  remaining  after  the  cessation  of  battery 
contact,  so  as  to  form  the  lower  continuous  line. 
The  line  begins  a  little  late  for  the  reason  given 
in  (A). 

"(C)  When  an  earth  contact  is  made  at  the 
sending  end  after  each  signal,  so  that  the  charge  can 
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escape  at  both  ends,  the  prolongation  is  less,  and  the 
received  mark  shorter.  The  three  dashes  will  then 
appear  in  the  middle  line  thus:  [our  Fig.  159]. 

"(D)  And  if  a  reverse  current  is  sent  after  each 
signal,  so  as  to  neutralize  a  portion  of  the  charge 
remaining  in  the  cable  by  electricity  of  the  opposite 
sign,  the  prolongation  is  still  less  (as  in  lowest  line), 
and  the  speed  of  signalling  is  still  further  increased, 
for  it  is  clear  that  the  upper  dashes  may  be  sent  at 
shorter  intervals  than  before." 


Fio.  159. — Effect  of  Retardation  on  Recorded  Signals  Received 

over   Submarine   Cables. 

We  have  seen,  in  studying  the  destructive  effects 
of  electrolysis  in  the  case  of  street  railway  systems 
emplo3ring  a  ground  return,  that  it  is  at  the  points  JJ^^^p^ 
where  the  electric  current  passes  into  the  ground  J^'JlJJgJJ 
from  a  metallic  conductor  that  such  conductor  isj^^^^jn, 
corroded  electrolytically ;  and  that  there  will  be  no****^*- 
electrolytic  corrosion  where   such   current  passes 
from  the  ground  into  the  conductor.    On  the  con- 
trary, at  such  points  there  is  actually  a  preservation 
of  the  conductor  from  corroding  agencies.    Now  the 
same  thing  has  been  found  to  exist  in  the  case  of 
submarine  telegraphy.     When  there  is  a  defect  in 
its  insulation,  the  cable  will  work  far  better  when 
a  positive  current  is  sent  through  it  than  it  will 
when  a  negative  current  is  sent  through  it,  yet  an 
action  occurs  that  will  slowly  but  surely  eat  its  way 
into  the  cable;  for,  as  it  will  be  seen,  when  a  positive 
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current  is  sent  through  the  cable  the  current  passes 
from  the  conductor  into  the  earth,  but  that,  when  a 
negative  current  is  sent,  the  current  passes  in  the 
opposite  direction. 

The  currents  employed  in  cable  tel^fraphy  are 
generally  too  feeble  to  permit  Morse  apparatus 
readily  to  be  employed.  It  has  been  found  prefer- 
able to  replace  the  Morse  apparatus  by  the  mirror 
galvancHneter,  somewhat  similar  to  the  form  em- 
ployed by  Gauss  and  Weber.  Here  the  movements 
of  the  needle  of  the  galvanometer  are  caused  to 
deflect  a  small  beam  of  light  over  a  scale  marked  on 
a  sheet  of  white  paper.  The  current  passing  through 
g^^^  the  galvanometer  coils  in  one  direction,  say  a  nega- 
reSfvinr  *^^^  current,  deflects  the  spot  of  light  to  the  left, 
apparatus,  while  a  currcut  in  the  opposite  direction,  or  a  posi- 
tive current,  deflects  it  to  the  right.  Using  the  same 
signals  as* are  employed  in  needle  instruments,  the 
dot  will  be  represented  by  a  movement  of  the  spot 
of  light  to  the  left,  that  is,  a  negative  current,  while 
a  dash  will  be  represented  by  the  movement  of  the 
needle  to  the  right,  or  a  positive  current.  The  cable 
operator  learns  to  read  these  movements  of  the 
needle  just  as  the  operator  with  the  Morse  instru- 
ments learns  to  recognize  the  dots  and  the  dashes  by 
the  sounds  produced  by  the  instruments. 

In  order  readily  to  obtain  the  positive  and  n^;a- 
tive  currents  required  in  sending  the  characters 
through  a  cable,  a  form  of  cable  sending  key  is 
gj^j^**"  necessary.  Such  a  key  consists  essentially  of  two 
finger  ke3rs,  operated  by  the  first  and  second  fingers 
of  the  hand.  Two  metal  pieces  connected  with  the 
ends  of  these  two  keys  are  connected  respectively 
to  the  end  of  the  cable  and  to  the  ground.  The 
sending  battery  has  its  positive  or  copper  pole  so 
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connected  with  metallic  pieces  that  when  one  key 
is  depressed  it  breaks  the  circuit  of  the  line  and 
connects  the  copper  end  of  the  battery  to  the  line, 
and  the  zinc  end  to  the  ground,  thus  sending  a  dot 
signal  into  the  line,  and  when  the  key  is  released  the 
line  is  grounded.  When  the  other  key  is  depressed, 
the  zinc  pole  is  similarly  connected  to  the  line  and 
the  copper  pole  to  the  ground,  thus  sending  a  dash 
signal  into  the  line.  The  rate  of  signalling  by  an 
expert  operator  varies  from  20  to  30  words  per 
minute. 

In  a  receiving  apparatus  in  general  use  on  many 
lines  of  submarine  cables  the  combined  weight  of 
the  mirror  and  the  magnet  is  only  from  one-half 
to  three  grains.  By  the  use  of  a  short  suspension 
and  a  strong  directing  magnet,  the  movements  of 
the  needle  are  nearly  dead  beat,  the  needle  coming 
quickly  to  rest  after  being  deflected  by  the  current.  J^SmSS? 
A  condenser  is  placed  between  the  cable  and  the^^/ 
receiving  instrument.  The  use  of  this  condenser  isl^^^J^jJ* 
for  the  purpose  of  avoiding  disturbances  of  the 
receiving  instrument  from  the  earth  currents.  Some 
idea  of  the  great  sensitiveness  of  the  receiving  in- 
strument may  be  obtained  from  the  fact  that  a  voltaic 
cell,  consisting  of  a  single  empty  shell  of  a  percus- 
sion cap,  filled  with  some  electrol3rtic  liquid,  in 
which  a  small  zinc  rod  is  immersed,  will  furnish 
current  of  sufficient  strength  to  send  a  message 
across  the  Atlantic.  Generally,  however,  much 
stronger  currents  than  these  are  employed,  since, 
within  certain  limits,  the  signals  pass  with  greater 
certainty  when  somewhat  stronger  currents  are  em- 
ployed. 

The  connections  of  the  various  apparatus  neces- 
sary for  cable  signalling  are  represented  in  Fig.  160, 
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arrangied  for  signalling  between  Newfoundland  and 
Valentia  Bay,  Ireland.     A  condenser  at  C  is  placed 
between  the  cable  and  the  receiving  instrument  at 
Ireland,    In  this  particular  case,  the  condenser  con- 
sists of  some  40,000  square  feet  of  condensing  sttr- 
face.     Either  the  transmitting  key  T,  or  the  re- 
SSMSf"ap-  ceiver  or  galvanometer  G,  can  be  readily  connected 
S^^iSinr  with  the  cable  K  by  means  of  the  switch  e,r,t.    The 
AtSStel*    key  T  is  the  douMe-sending  key  before  described, 
connected  to  the  zinc  and  copper  ends  of  the  battery 
B,  so  that  a  sends  a  positive  and  b  a  negative  current 


Fig.  160. — Connections  of  Valentia-Newfoundland  Cable  to  Trana- 

mitting  and  Receiving  Instruments. 

into  the  line.  A  regulable  resistance,  W,  is  placed,  as 
shown,  between  the  end  of  the  cable  and  the  earth. 
Suppose,  now,  that  Valentia  wishes  to  send  a  mes- 
sage to  Newfoundland.  The  switch  is  moved  so  as 
to  connect  t  and  e.  On  the  depression  of  the  key 
T,  positive  or  negative  impulses  are  sent  into  the 
condenser  at  C.  Let  us  suppose,  for  the  sake  of 
illustration,  that  it  is  the  key  a  which  is  depressed. 
Then  a  positive  charge  is  sent  into  one  set  of  plates 
of  the  condenser,  and  a  negative  charge  is  attracted 
and  condensed  on  the  other  set  of  plates,  that  are 
connected  through  the  cable  with  the  groimd  at 
Newfoundland.     At  the  same  time  the  positive 
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dbarge  in  the  cable  is  driven  toward  tlie  Newfound- 
laxid  end  of  the  line.  In  other  words»  the  depression 
of  the  positive  key  sends  a  positive  current  through 
the  cable  toward  Newfoundland.  This  charge,  pas&* 
ing  through  ^,  r',  enters  the  receiving  instrument  or 
mirror  galvanometer  G,  and  sends  the  spot  of  light 
in  the  direction  produced  by  a  positive  charge.  In 
the  same  manner,  the  depression  of  the  other  key 
sends  a  charge  into  the  cable  that  causes  the  spot 
of  light  at  the  distant  end  to  move  in  the  opposite 
direction.  In  this  manner,  the  necessary  diaracters 
are  transmitted  over  the  cable.  When  Newfound- 
land desires  to  transmit  a  message,  a  similarly  ar- 
ranged condenser  is  employed  at  that  station. 

It  requires  no  little  skill  to  be  able  to  read  the 
messages    received    by    the    mirror    galvanometer 
through  the  movements  of  the  spot  of  light  over  the 
scale.     The  time  required  to  rid  the  cable  of  its  Reading 
previous  charge  causes  the  movements  of  the  spotSje"?:^ 
over  the  scale  to  take  place  in  an  irregular  manner,  ml^lt 
For  example,  to  send  the  letter  h,  which,  it  will  bconu^* 
remembered,  consists  of  four  dots  following  oneSSe.'^* 
another  at  regular  intervals,  the  first  dot  will,  proba- 
bly, cause  a  decided  movement  of  the  spot  of  light 
to  take  place  almost  completely  across  the  scale ;  the 
impulse  required  for  the  second  dot  causes  it  to  move 
a  little  further ;  the  third  dot  moves  it  forward  a  still 
shorter  distance ;  while,  in  the  case  of  the  fourth  dot, 
the  movement  may  be  scarcely  perceptible.     How- 
ever, long  experience  has  enabled  the  skilled  opera- 
tor to  detect  these  movements.    It  is  an  advantage, 
however,  to  be  able  to  leave  a  record  of  the  move- 
ments of  the  spot  of  light.    This  has  been  done  by 
means  of  an  instrument  invented  by  Lord  Kelvin, 
called  the  siphon  recorder. 

Kelvin's  sif^on  recorder  is  represented  in  Fig. 
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KeWiii*t 

siphon 

recorder. 


i6i.  Here  light  rectangular  coils  b,  b,  of  very  fine 
wire,  are  suspended  by  means  of  a  conducting  wire 
f,  f,  between  the  poles,  N  and  S,  of  a  compound  steel 
magnet.  These  poles  are  strengthened  by  induction 
on  a  stationary  soft  iron  core,  a.  The  cable  current 
is  sent  through  the  coils  ft  6  by  means  of  the  sus- 
pension wire  f,  f.  The  movements  of  the  rectangu- 
lar coil  to  the  right  or  to  the  left  are  caused,  through 
the  action  of  a  thread,  k,  attached  to  b,  to  move  a 
delicate  glass  siphon,  n.  One  end  of  this  siphon  dips 
into  a  reservoir  of  ink,  m,  while  the  other  end  is 


Fig.  1 6 1. — Kelvin's  Siphon  Recorder. 


brought  very  near,  but  not  in  contact  with,  the  sur- 
face of  the  paper  fillet  o,  o.  In  this  manner  there  are 
traced  on  the  surface  of  the  fillet  sinuous  lines,  in 
which  the  dots  are  represented  by  upward  move- 
ments, and  the  dashes  by  downward  movements.  A 
record  obtained  by  the  use  of  this  apparatus  is  rep- 
resented at  the  bottom  of  the  figure.  Since,  in  a 
long  cable,  the  current  that  passes  through  the  mag- 
net coils  is  very  feeble,  it  would  not  be  practicable 
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to  permit  the  end  of  the  siphon  to  come  in  actual 
contact  with  the  surface  of  the  paper,  since  the 
friction  would  be  sufikrient  greatly  to  retard  its 
movements.  In  order,  therefore,  to  cause  the  ink 
to  be  thrown  out  of  the  siphon,  both  ink  and  paper 
are  oppositely  electrified,  so  that  the  attraction  of 
the  opposite  charges  causes  the  ink  to  be  thrown 
out  of  the  siphon  in  a  succession  of  minute  dots. 
During"  damp  weather,  the  Kelvin  recorder  some- 
times fails  to  operate  from  the  dissipation  of  the 
electric  charges  on  the  paper  and  itdc.  Cuttriss 
has  obviated  this  difficulty  by  the  construction  of 
a  siphon  recorder  in  which  the  siphon  is  maintained 
in  constant  vibration  by  means  of  electro-magnetism. 

It  not  infrequently  happens,  when  an  apparatus 
has  passed  through  the  experimental  stage  and  come 
into  actual  practice,  that  it  takes  on  a  shape  in 
which  it  would  probably  not  be  recognized  by  itsj^^jj*- 
first  inventor.    Take,  for  example,  the  form  which  wSSwone 
the  Morse  td^japhic  recording  apparatus  and  theJ3$S!pbtc 
Wheatstone  needle  apparatus  finally  assumed  in  ac-  '"s^™*'"* 
tual  practice.    Prescott  refers  to  this  matter  as  fol- 
lows: 

"It  is  somewhat  curious  that,  in  the  progress  of 
telegraphic  improvement,  Morse's  telegraph,  the 
most  valuable  feature  of  which  originally  was  con- 
sidered to  be  its  capacity  for  recording  communica- 
tions, should  have  been  modified  in  practice  into  an 
acoustic  semaphore,  while  Cooke's  telegraph,  origi- 
nally a  semaphore,  should  at  length  have  been  also 
modified  into  a  recording  instrument,  in  the  form 
which  we  have  just  described." 

Nearly  all  long*  cables  have  been  duplexed,  so  as  ^^  ^^^ 
to  increase  the  number  of  messages  that  can  bepJ«^^°J 
transmitted.     There  is  practically  no  difference  be-  «bie«. 
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tween  duplexing  cable  systems,  and  duplexing  long 
land  lines,  only,  owing  to  the  greater  sensitiveness 
of  the  receiving  instruments,  it  is  much  more  diffi- 
cult to  obtain  the  necessary  balance  of  the  line. 

Although  a  great  advance  has  been  made  in  the 
transmitting  and  receiving  instruments  employed  in 
cable  telegraphy,  there  yet  remains  much  to  be  done 
in  this  particular  branch  of  the  art.  Concerning 
diplexing,  quadruplexing,  and  automatic  repetition 
of  cable  messages,  Houston  and  Kennelly,  in  their 
book  on  "The  Electric  Telegraph,"  speak  as  fol- 
lows : 

"There  are  no  means  yet  known  for  either  diplex- 
ing or  quadruplexing  a  long  submarine  cable.  In 
the  same  way,  no  means  have  yet  been  devised  for 
automatically  repeating  a  message  from  one  long 
submarine  cable  to  another.  Short  cables  can,  of 
SdKeS-  course,  be  operated  by  Morse  repeaters  in  the  usual 
dfplLIL  way,  but  the  signals  on  a  long  cable  are  not  only 
?Spi?xi^^  so  faint  that  the  receiving  mechanism  has  not  the 
wj^mannc  p^^^j.  ^^  make  repeating  contacts  with  sufficient 
firmness,  but  the  distortion  of  the  signals,  already 
alluded  to,  would  prevent  such  contacts  from  being 
properly  timed  and  spaced.  When  a  message  is  sent 
from  New  York  to  Bombay,  it  may  be  sent  first 
from  New  York  to  a  cable  station  in  Nova  Scotia; 
then  from  Nova  Scotia  to  Ireland;  from  Ireland  to 
London ;  from  London  to  Marseilles ;  from  Marseilles 
to  Malta;  from  Malta  to  Alexandria,  Egjrpt;  from 
Alexandria  to  Suez;  from  Suez  to  Aden,  and  from 
Aden  to  Bombay.  Consequently,  the  message  by 
this  route  would  have  to  be  repeated  eight  times 
before  its  final  reception  at  Bombay.  Taking  the 
total  distance  as  roughly  10,000  miles,  this  repre- 
sents an  average  of  about  1,100  miles  at  each  trans- 
mission.    There  are,  therefore,  in  this  particular 
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transmission,  nine  places  where  it  is  possible  to 
introduce  an  error  or  errors  into  the  message, 

"It  was  formerly  the  invariable  practice  to  write 
down  a  message  as  it  was  received  at  each  inter- 
mediate station  and  retransmit  the  message  from 
this  written  record.  A  plan  has,  however,  been  gen- 
erally introduced  wherever  possible,  to  retransmit 
messages  from  the  recorder  slip  without  first  writ- 
ing them  out  Consequently,  the  repeating  of  a 
message  in  such  a  case  is  performed  through  the 
agency  of  the  operator,  instead  of  by  automatic 
mechanism.  In  other  words,  the  message  is  re- 
ceived, say  at  Aden  from  Suez,  on  the  recorder  slip, 
and  is  retransmitted  by  the  operator  on  the  next 
circuit,  or  to  Bombay,  as  fast  as  it  is  received  at 
Aden.  At  the  end  of  the  message,  the  operator  at 
Aden  reverses  the  connections  between  the  sending 
and  receiving  cables,  so  that  he  is  now  able  to  act 
as  a  manual  repeater  in  the  opposite  direction,  or 
from  Bombay  to  Suez." 

The  extensive  use  of  the  submarine  cable  has  had 
a  considerable  influence  on  the  progress  of  the 
world.      Charles   Bright  speaks  of  this   influence  Bnghf on 

aS    follows:  enceof 

"The  great  revolution  which  submarine  teleg- S4^aphy. 
raphy  has  effected  in  the  world's  progress  may  be 
regarded  from  two  great  standpoints — the  politi- 
cal and  commercial.  Let  us  begin  with  the  former. 
In  the  first  place  it  has  accelerated  even  more  perhaps 
than  the  improvement  in  locomotion  by  land  and 
sea  what  may  be  called  the  practical  shrinkage  of 
the  globe.  The  nations  and  people  of  the  globe, 
being  in  continual  contact  with  each  other  through 
the  telegraph  and  its  powerful  ally,  the  press, 
know  one  another  and  understand  one  another's 
actions  and  thoughts  and  national  aspirations  in- 
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finitely  better  than  they  did  fifty  years  ago.  The 
effect  of  the  better  knowledge  and  insight  upon 
their  mutual  relations  may  not  always  be  in 
every  instance  a  happy  one,  .  .  .  but  if  the  whole 
world  gains,  as  it  undoubtedly  does,  by  closer  con- 
tact and  by  the  lessons  which  one  nation  is  thereby 
induced  to  learn  from  another,  we  should  not  take 
to  heart  any  relative,  and  maybe  quite  temporary, 
decrease  of  ascendency  in  certain  departments  of 

our  national  activities 

"One  political  result  of  this  great  development  of 
the  world's  electric  wires  which  Englishmen  may 
safely  regard  with  unusual  satisfaction  and  pleasure, 
is  the  much  closer  relation  which  has  thereby  been 
rendered  possible  between  the  mother  country  (the 
•Spirit    United  Kingdom)   and  the  daughter  nations,  En- 
Segnlphy.  gHsh-speaking,  English-modelled  as  to  their  insti- 
tutions, and  in  the  main  British  and  Irish  stock, 
which  have  sprung  up  in  the  most  distant  parts  of 
the  world.      The  'little  England'  idea,  so  fondly 
cherished  by  the  old  Manchester  school  of  econo- 
mists and  politicians  (who  would  gladly  have  seen 
all  our  young  and   vigorous   Anglo-Celtic  brood 
chased  as  young  birds  from  the  parent  nest  almost 
before  they  could  fly),  is  practically  as  dead  as  d 
door  nail.     In  its  place  we  hear  on  all  sides  .  .  . 
of    federations    or    customs    unions    between    the 
United   Kingdom   and   its   self-governing  colonies 
and  India;  and  grander,  if  less  practicable,  than 
all  these,  we  hear  of  negotiations  for  the  establish- 
ment of  a  permanent  arbitration  tribunal  for  settling 
peacefully  all  future  differences  between  the  two 
main  divisions  of  the  English-speaking  world.  .  .  . 
"Another   department  in   which   the   submarine 
SStoS?**^  cables  have  produced  a  notable  political  effect  is 
Scg?ftphy.  ^^  diplomatic.     If  the  peoples  have  been  brought 
more  in  touch  with  each  other,  so  have  the  rulers 
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and  statesmen.  An  entirely  new  and  materially 
improved  method  of  conducting  the  diplomatic  re- 
lations between  one  country  and  another  has  come 
into  use  with  the  telegraphic  wire  and  the  cable. 
The  facility  and  rapidity  with  which  one  govern- 
ment is  now  enabled  to  know  the  mind,  at  least 
the  professed  mind,  of  another  has  often  been  the 
means  of  averting  diplomatic  ruptures  and  conse- 
quent wars  during  the  last  few  decades.  .  .  . 

"Let  us  now  turn  to  the  commercial  results  of 
this  great  development  of  submarine  telegraphy. 
These  have  been  partly  anticipated  in  discussing 
certain  improvements  in  prices  of  service  and  speed 
of  transmission,  and  altogether  the  subject  is  so 
vast,  so  complicated,  and  so  far-reaching  that  to 
attempt  a  detailed  or  systematic  account  of  it  with-effcc2of 
in  the  compass  of  a  work  like  the  present  would  beteiegnphy. 
but  presumptuous.  The  fact  is,  the  methods  of  con- 
ducting business  between  merchants  and  financiers 
in  the  different  countries  have  been  completely 
revolutionized  by  the  telegraph  cable,  which  places 
the  business  man  in  touch  with  the  new  markets  of 
the  world.  This  is  so  patent  to  the  generation  of 
older  business  men  now  living  that  the  younger 
ones  only  need  reminding  of  it.  Fifty  years  ago 
it  took  a  London  or  Liverpool  merchant  six  months 
to  get  an  answer  to  a  letter  addressed  to  a  cor- 
respondent at  Calcutta  and  complete  a  business 
transaction.  Nowadays,  by  means  of  the  telegraph, 
the  same  transaction  can  be  effected  within  six 
hours.  Another  result  of  the  change  and  conditions 
brought  about  by  the  wire  and  cable  is  the  partial 
elimination  of  middlemen  in  some  departments  of 
international  commerce.'* 
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CHAPTER  XXI 

FACSIMILE     AND     TIME     TELEGRAPHY 

"What  is  writ,  is  writ." 
—^hilde  Harold's  Pligritnage,  Canto  IV,  Stanza   185 

ACSIMILE   telegraphy,    as   the   word    indi- 
cates,  is  a  method  whereby  facsimiles  or 
accurate   copies   of   charts,   diagrams,   pic- 
Definition,  tures  or  signatures  are  telegraphically  transmitted 
over  a  telegraph  line  from  one  end  to  the  other. 

There  are  various  methods  by  means  of  which 
facsimile  telegraphy  can  be  accomplished.  One  of 
the  earliest  of  these  was  that  of  Bakewell,  of  Lon- 
don, who,  in  1850,  invented  the  system  represented 
facsfmjie  '  in  Fig.  162.  Here  two  similar  metallic  cylinders, 
telegraph.  ^^  ^,^  placed  at  the  opposite  ends  of  a  telegraph  line, 
are  maintained  in  synchronous  rotation,  while  me- 
tallic arms  or  tracers,  r,  r ,  are  moved  from  left  to 
right  over  the  surface  of  the  cylinder.  In  this  way, 
there  is  traced  a  continuous  spiral  line  on  the  sur- 
face of  the  cylinder.  Batteries  at  B  and  B'  have  one 
pole  connected  with  the  metallic  tracer  and  the 
other  pole  connected  with  the  earth,  while  the  ends 
of  the  telegraph  wire  between  the  two  stations  are 
connected  with  the  metallic  cylinders. 

Suppose,  now,  that  at  the  transmitting  station  a 

Operation   chart,  Writing,  or  other  design  which  it  is  desired  to 

w^n^     transmit,  be  traced  on  the  surface  of  the  cylinder 

uii^iph    '"  varnish  or  other  non-conducting  material  that 

will  readily  dry,  and  leave  a  hard  surface.     Sup- 
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pose,  moreover,  that  at  the  receiving  end  a  sheet 
of  chemically  prepared  paper  be  placed  over  the 
surface  of  the  cylinder  similar  to  that  employed  in 
the  chemical  Morse  recorder  already  described.  If, 
now,  the  two  cylinders  be  synchronously  rotated, 
whenever  the  tracer  at  the  transmitting  station 
moves  over  the  non-conducting  surface,  the  circuit 
will  be  broken.  As  long  as  it  remains  in  contact 
with  the  metallic  cylinder,  the  circuit  will  be  com- 
plete. It  follows,  therefore,  that  there  will  be 
traced  on  the  surface  of  the  chemical  paper  at  the 


Fio  x6a. — Bakewell's  Facsimile  Telegraph. 


receiving  station  a  continuous  blue  line,  which  will 
be  broken  only  at  the  places  where  the  surface  of 
the  transmitting  cylinder  has  been  covered  with  the 
design  that  is  to  be  transmitted.  Consequently,  this 
design  will  be  recorded  on  the  chemical  paper  of  the 
receiving  instrument  in  white  uncolored  lines. 

The  Dennison  facsimile  telegraph,  represented  in 
Fig-  163,  is  somewhat  similar  in  its  operation,  only 
it  records  the  picture  in  colored  marks  on  a  white  J^niaon 
ground,  T  and  R  represent  respectively  the  trans- {^^a^h. 
mitting  and  the  receiving  stations.  At  each  of  these 
stations  there  is  a  polarized  relay,  PR  and  PR',  em- 
ployed to  maintain  a  constant  to-and-fro  vibration 
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of  long  metallic  anns,  a,  o',  attached  to  tiieir  arma- 
tures. The  extent  of  these  vibrations  is  limited  by 
set  screws,  s,  s,  and  /,  /•  The  vibratory  move- 
ments are  obtained  by  the  generator  D,  which  pro- 
duces a  small  alternating  electric  current.  Since  the 
coils  of  both  relays,  PR  and  PR',  are  in  one  and  the 
same  circuit,  the  armatures  will  vibrate  in  unison 
or  synchronously, 

At  the  transmitting  station,  the  transmitter  F  has 
a  strip  of  tin-foil  on  which  the  characters  are  traced 
with  an  insulating  ink.    This  strip  is  caused  to  move 


Fic  163. — The  DennUoo  Faoimile  Telearsph. 
(B,  tnuWdo  U  WUIluo  H.ni,  Jr.) 

with  a  uniform  motion  by  passing  between  two  cylin- 
ders that  are  driven  by  any  suitable  means.  At  the  re- 
ceiving station  there  is  a  fillet  of  chemically  prepared 
of  the        paper,  F',  that  is  also  caused  to  move  at  the  same  rate 
iMraMt  under  the  metallic  point  n',  as  represented.    In  this 
nisonuc    system  two  separate  circuits  are  required  between 
wicer»ph.  the  transmitting  and  the  receiving  stations,  one  for 
the  transmission  and  the  reception  of  the  messages, 
and  the  other  for  maintaining  in  synchronous  vi- 
bration the  armatures  of  the  polarized  relays.  Both 
of  these  circuits  are  completed  through  the  ground. 
A  contact  needle  n  is  placed  on  the  arm  o  of  the 
transmitter,  as  shown,  similar  to  the  stylus  or  pen  at 
n'.    These  pens  are  kept  in  contact  with  the  tm-foil 
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and  the  paper  respectively  by  the  use  of  delicate 
springs.  A  battery  at  B  is,  under  normal  conditions, 
short-circuited  by  the  arm  a,  the  strip  of  tin-foil, 
the  needle,  and  the  resistance  r,  so  that  while  n  is 
in  contact  with  the  tin-foil,  no  current  passes  into 
the  line.  As  soon,  however,  as  the  transmitting 
needle,  n,  comes  in  contact  with  the  insulating  por- 
tions of  the  ink  on  the  tin-foil,  the  short  circuit  is 
broken,  so  that  a  current  passes  from  the  transmit- 
ting battery  over  the  line  and  causes  a  record  to  be 
made  on  the  surface  of  the  chemically  prepared 
paper.  It  is  evident  that,  under  these  conditions, 
the  arms  at  a  and  a!  being  caused  to  vibrate  in 
synchronism,  while  at  the  same  time  the  tin-foil 
strip  and  the  paper  fillet  are  moved  under  the  vi- 
brating arm,  there  will  be  produced  on  the  surface 
of  the  chemically  prepared  paper  at  the  receiving 
station  a  facsimile  of  the  chart  or  picture  that 
has  been  traced  on  the  tin-foil  in  non-conducting 
ink. 

Where  a  single  stylus  or  pen  is  employed  in  sys- 
tems of  facsimile  telegraphy,  the  record  is  neces- 
sarily  slow.     For  the  purpose  of  increasing  the4t«^"fa 
rapidity  of  transmitting  and  receiving,  Bonelli  in-SSismit 
troduced  a  multiple  comb,  in  which  there  were  aJSfiI?4 
number  of  pens  or  styluses  at  each  station.     The*^°™**' 
two  stations  were  connected  by  as  many  separate 
conductors  or  conducting  wires  as  there  were  sepa- 
rate pens  or  styluses, 

Bonelli  styled  his  particular  form  of  facsimile 
telegraphy  a  typo-telegraph.     The  message  to  beBQ^^uj,, 
transmitted  was  set  up  in  type  at  the  transmitting  [Jj^'Stph 
station  M,  arranged  in  a  single  line,  with  the  punc- Jli^JJJ^i,, 
tuation  marks  and  spaces  introduced  just  as  in  ordi- 
nary printing,  or  as  represented  in  Fig,   164.     A 
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comb  provided  with  five  metallic  teeth  was  catised 
to  pass  over  the  surface  of  the  type  in  the  manner 
indicated  in  the  figm-e.  Each  of  the  teeth  was  con- 
nected with  a  separate  telegraph  line,  LL,  which 
proceeded  to  the  receiving  station.  This  line  is  rep- 
resented as  broken  in  the  figure  simply  for  the  pur* 
pose  of  indicating  a  great  length  between  the  two 
stations,  but  it  is  formed  of  five  continuous  lines. 
At  the  receiving  station  N,  the  line  wires  were  con- 
BMcm?  nected  with  five  metallic  styluses,  as  represented, 
instroment.  Testing  on  a  strip  of  chemically  prepared  paper.  As 
before,  the  line  of  type  and  the  chemical  paper  are 
maintained  in  a  uniform  rotation  under  the  pens  or 
styluses  by  clock-work  mechanism.     The  appara- 


FxG.  164. — Bonelli*8  Facsimile  Telegraph  or  Typo-telegraph.  Note 
the  necessity,  in  this  form  of  facsimile  telegraph,  of  using  more  than  a 
single   wire  between  the   two  stations. 

tus  employed  at  the  transmitting  and  the  receiving 
stations  is  of  such  a  nature  that  a  current  is  sent 
over  the  line  only  during  the  time  that  the  trans- 
mitting pens  or  styluses  are  in  contact  with  the  con- 
ducting material  of  the  type,  so  that  the  transmitted 
message  is  received  in  printed  characters  on  the  fillet 
of  chemically  prepared  paper  at  the  receiving  station. 

Many  different  facsimile  telegraphs,  emplo)ring  a 

number  of  separate  conducting  wires,  have  been 

S^SSiSfc  devised.     Although  such  systems  are  a  great  im- 

wltffSSJ.*  provement  on  the  single-pen  system,  yet  the  expense 

ductora?"    o^  running  and  maintaining  a  number  of  separate 

telegraph  lines  or  circuits  has  prevented  their  ex- 


FACSIMILE  AND    TIME    TELEGRAPHY  S71 

tended  commercial  use.  But  entirely  aside  from  the 
expense,  there  is  a  more  serious  objection  arising 
from  the  interferences  in  the  strength  of  the  mo- 
mentary signals  sent  through  the  separate  wires,  by 
reason  of  the  induction  produced  by  the  neighboring 
wires  on  one  another. 

The  Delany  system  of  synchronous  multiplex 
telegraphy  readily  lends  itself  satisfactorily  in  over- 
coming both  of  these  diflSculties.  It  is  easy  with  the 
Delany  system  to  establish  a  great  number  of  prac- 
tically separate  and  independent  line  conductors 
over  a  single  conducting  wire  connecting  the  two^J^of 
stations.  Moreover,  these  separate  wires  are  en-^l^^phy. 
tirely  free  from  inductive  disturbances.  But,  in 
addition  to  both  of  these  facts,  it  will  readily  be 
appreciated  that  in  any  system  of  facsimile  teleg- 
raphy, unless  the  transmitting  and  the  receiving 
apparatus  are  maintained  in  synchronism,  the  oper- 
ation of  the  system  would  be  impracticable.  Now, 
since  Mr.  Delany  has  succeeded  in  maintaining 
synchronism  between  the  transmitting  and  the  re- 
ceiving apparatus  by  means  of  electric  impulses  au- 
tomatically sent  over  the  line  in  one  direction  or  the 
other,  when  either  the  transmitting  or  the  receiving 
apparatus  falls  out  of  step,  such  a  system  especially 
lends  itself  to  facsimile  transmission. 

Mr.  Delany  has  applied  his  system  of  synchronous 
multiplex  telegraphy  to  the  system  of  facsimile  teleg- 
raphy represented  in  Fig.  165,  where  X  and  Y  are^^SfS" 
the  two  stations,  in  this  case  the  apparatus  being  j^J^^^*;^ 
arranged  for  transmitting  from  X  to  Y.  A  and  B 
represent  the  tables  of  contacts,  each  being  provided 
with  84  insulated  contacts,  divided  into  six  series 
of  fourteen  each.  The  twelfth  and  the  thirteenth 
contact  in  each  series  is  represented  as  being  discon- 

Vol.  111.— 17 
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n«cted  in  the  figure,  these  contacts  being  reserved 
for  the  synchronous  correction  of  the  apparatus. 
Let  us  suppose  that  the  contacts  of  the  six  groups  are 


numbered  from  i  to  14  consecutively,  and  that  all  the 
number  i  contacts  are  connected  together  and  to  a 
line  marked  i,  at  station  Y,  and  all  the  correspond- 
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ing  mtmbered  contacts  at  station  X  are  connected 
together  and  to  the  line  wire  connecting  the  two 
stations.  Suppose,  moreover,  that  the  number  2 
contacts  at  each  station  are  similarly  connected  to 
one  another,  and  to  a  Une  marked  2,  and  so  on 
through  the  series,  the  thirteenth  and  the  fourteenth 
contacts  being  reserved  for  synchronism,  as  already 
explained.  Each  of  the  lines,  i,  2,  3,  4 — 12,  so  pro- 
vided, is  connected  to  an  insulated  finger  or  stylus,  f, 
that  forms  a  part  of  the  comb  which  moves  over  the 
surface  of  the  transmitting  and  the  receiving  instru- 
ments at  C,  C. 

If,  now,  the  S3mchronously  moving  fingers  a  a 
move  over  the  contacts,  they  will  simultaneously  rest 
on  similar  contacts  at  either  end  of  the  line,  and  thus 
will  establish  practically  12  separate  and  independent 
lines  between  X  and  Y.     If  the  speed  of  rotation  of  meot  Jf 
the  trailing  fingers  be  three  times  per  second,  the  cir-  im?i?dt. 
cuit  will  be  completed  over  each  of  the  12  lines  be-  En^.^ 
tween  the  two  stations  18  times  a  second.     At  this 
rate  a  high  speed  of  transmission  is  possible.     Of 
course,  the  separate  styluses  at  /  /  are  insulated  from 
one  another,  and  the  plates  C,  C,  on  which  the  trans- 
mittiQg  and  receiving  styluses  respectively  rest,  are 
maintained  in  synchronous  rotation. 

The  main  battery,  MB,  at  X,  has  one  pole  con- 
nected to  ground  and  the  other  to  the  metallic  plate, 
C,  which  we  will  suppose  to  be  the  transmitting  sta- 
tion. The  message,  picture,  or  map  to  be  transmitted, 
in  this  case  ordinary  writing,  is  traced  on  the  surface 
of  C,  with  some  non-conducting  ink  in  the  usual 
manner,  and  is  received  on  a  sheet  of  chemically  pre- 
pared paper  at  the  receiving  station.  In  this  case, 
the  message  will  be  recorded  as  uncolored  portions 
on  an  otherwise  nearly  continuous  blue  ground. 
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Modifica^ 
tion  of 
apparatus. 


Instead  of  producing  the  facsimile  transmission 
in  white  on  an  otherwise  colored  surface,  Mr.  De- 
lany  has  modified  the  apparatus  in  a  manner  similar 
to  some  other  apparatus  we  have  described,  whereby 
the  impression  is  positively  received,  that  is,  in  blue 
on  a  white  ground,  instead  of  in  white  on  a  blue 
ground. 

Besides  the  forms  of  facsimile  telegraphic  appara- 
tus described,  there  are  other  devices  whereby  writ- 
ten or  printed  characters  can  be  transmitted  over 

foriMof     telegraph  lines  from  one  end  of  the  line  to  the  other. 

teSgraphy.  These  may  be  conveniently  arranged  under  the  head 
of  facsimile  telegraphy,  although  they  operate  on 
entirely  different  principles.  We  allude  to  the  writ- 
ing tel^raph  and  the  printing  telegraph. 

In  the  writing  telegraph,  two  separate  line  wires 
are  required  between  the  transmitting  and  the  re- 
ceiving stations.  A  correspondent  who  desires  to 
send  a  message  takes  up  a  pen  in  the  tel^raph 
office  and  writes  the  message  on  the  surface  of  an 
ordinary  sheet  of  paper,  thus  obtaining  a  record 
Tiie  of  what  was  transmitted.     At  the  distant  end  of 

telegraph.  ^^^  1^^^>  ^^is  messagc  is  received  by  means  of  a  pen 
that  traces  on  another  sheet  of  paper  whatever  was 
written  at  the  transmitting  end.  So  correctly  are 
the  movements  of  the  transmitting  pen,  at  one  end 
of  the  line,  repeated  at  the  receiving  end  of  the  line 
that  the  handwriting  is  so  accurately  reproduced 
as  to  be  readily  recognized  by  any  one  familiar 
with  the  handwriting  of  the  person  sending  the 
message.  It  is  possible,  therefore,  by  such  an  in- 
strument, for  a  person  to  telegraph  his  signature  to  a 
check  or  other  paper  requiring  a  personal  signature. 

Let  us  now  examine  the  electric  means  whereby 
this  is  accomplished.     Although  in  detail  of  con- 
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stniction  the  apparatus  is  somewhat  complicated,  yet 
the  principles  of  its  operation  are  readily  under- 
stood. Matters  are  so  arranged  that  the  motions 
of  the  pen  at  the  transmitting  station  cause  a  series 
of  resistances  to  be  either  introduced  into  or  removed 
from  the  two  telegraph  wires  during  its  movements 
while  writing.  The  movements  of  such  pen  to  the 
right  or  to  the  left  are,  through  the  means  of  a  lever,  operation 
caused  to  introduce  into  or  remove  such  resistances  SrViSmit- 
f rom  one  of  the  two  telegraph  lines  connecting  the  rt^'w  of 
two  stations,  while  its  movements  in  an  up  andJ^f^JSpSf 
down  direction,  in  a  similar  manner,  introduce  into 
or  remove  resistances  from  the  other  line.  The 
movements  of  the  pen  in  intermediate  directions  are 
represented  by  resistances  introduced  into  or  re- 
moved from  both  lines.  The  impulses  thus  trans- 
mitted over  the  two  lines  cause  the  pen  at  the  re- 
ceiving station  to  move  in  an  entirely  similar  man- 
ner over  a  sheet  of  paper,  and  thus  to  write  on  it 
the  particular  characteristic  handwriting  of  the 
sender. 

The  transmitting  instrument  is  represented  in 
Fig.  1 66.  The  stylus  or  pen  there  represented  is 
connected,  by  means  of  a  metallic  rod  C,  with  a 
suitably  arranged  series  of  contact  springs,  S,  S,  of 
steel,  placed  at  the  base  of  the  instrument  at  right 
angles  to  each  other.  A  series  of  resistances,  R,  R, 
are  connected  with  the  lower  ends  of  these  contact 
^nings.  B  B  are  two  contact  bars,  provided  with^^Si?- 
platinum  contacts  that  are  placed  directly  opposite  2jJ,JJit. 
the  contact  springs.  The  rod  C,  that  is  connected 
with  the  stylus  at  its  upper  extremity,  rests  at  its 
lower  extremity  on  the  base  of  the  apparatus,  but  is 
provided  with  a  spring  lever  at  the  lower  end  which 
permits  its  free  movement,  A  pressure  block  at 
P,  fastened  to  the  stylus  rod,  is  so  adjusted  that 
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when  in  its  normal  position  it  is  in  contact  with  the 
first  spring.  As  the  transmitting  pen  is  moved  in 
writing  the  despatch,  the  contact  bar  varies  both 
the  number  and  the  character  of  the  contacts,  thus 


introducing  into  or  removing  from  the  two  line 
wires  the  amount  of  resistances  necessary  to  send 
over  the  line  the  required  impulses. 

At  the  receiving  end  of  the  line,  apparatus  is  em- 
ployed similar  to  that  represented  in  Fig.  167.    Here 
two  electro-magnets  are  placed  at  right  angles  to 
''  each  other.     The  recording  pen  or  stylus  is  sup- 
ported on  a  vertical  rod,  placed,  as  shown,  in  con- 
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nection  with  the  double  annature  of  the  electro- 
magnets. As  the  varying  currents  sent  into  the  line 
by  the  movements  of  the  transmitting  pen  pass 
through  the  magnetizing  coils  of  the  two  electro- 
magnets, the  double  armature  is  caused  to  move  id 
directions  that  correspond  with  the  movements  of 
the  transmitting  pen.  Consequently,  there  will  be 
written  on  the  sheet  of  paper  at  the  receiving  station 
whatever  has  been  written  at  the  transmitting  sta- 
tion.    This  system  is  capable  of  accurately  reproduc- 


Fio.  167. — Rccdrer  of  the  Writinc  TekEnph.  Note  tbe  two  Rcerridg 
elecuo-auicDeta,  the  novemeats  of  whose  •nnatoret  reproduce  the  morA. 
menti  of  tbe  pen. 

ing  writing  over  lines  many  hundred  miles  in  length. . 
The  movements  of  the  receiving  pen  are  continuous, 
so  that  the  i's  can  not  be  dotted  or  the  t's  crossed. 
Writing  telegraphs,  however,  have  been  produced  in 
which  it  is  possible  to  raise  the  pen  so  as  to  complete 
the  writing  in  these  respects. 

In  the  printing  telegraph,  messages  are  sent  over 
a  telegraph  line  in  such  a  manner  that  they  are  re-  ^^h* 
ceived  on  a  paper  fillet  in  regular  printed  characters. 
In  some  cases,  such  instruments  are  arranged  so  as 
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to  print  the  message  cm  a  ^eet  of  paper  in  a  manner 
similar  to  that  of  a  typewritten  sheet.  Printing  tde- 
graphs  in  the  form  of  stock  printers,  in  which  quota- 
tions of  the  sales  of  stocks  and  other  securities  are 
printed  on  a  fillet  of  paper,  are  in  very  general  use. 

The  general  principle  of  the  printing  telegraph  is 

exceedingly  simple.     Two  type  wheels,  W,  W,  Fig. 

^^^      1 68,  of  the  same  size,  are  maintained  in  syndironous 

operation  '  '  •' 

teicmSph^  rotation  by  any  suitable  means,  and  are  placed  at  the 
transmitting  and  receiving  ends  of  a  single  telegraph 
wire  connecting  the  two  stations.      Two  electro- 


Fxa    1 68. — General   Principle   of  the   Step-by-Step   Printinflr  Telegraph. 

(By  iMnuWoo  of  WUUsm  Mavtr,  Jr.) 

magnets,  M,  M',  have  their  armatures  connected  to 
levers,  L,  L',  so  placed  that  the  free  terminals  of 
such  levers,  x,  x,  come  directly  opposite  the  lower 
part  of  the  wheel,  as  shown.  Suppose,  now,  the  two 
printing  wheels  being  synchronously  rotated,  and  the 
letter  a,  being  at  the  lowest  extremity  of  eadi  of  the 
two  wheels,  an  electric  impulse  be  sent  into  the  line 
by  the  depression  of  the  key,  K,  and  that,  at  the  same 
time,  the  rotation  of  the  two  wheels  be  momentarily 
stopped.  The  passage  of  the  electric  impulse  through 
the  coils  of  the  electro-magnets  moves  the  armatures, 
and  causes  the  ends  of  the  levers,  x,  x,  to  press  the 
fillets  of  paper  against  the  type  wheel,  so  that,  these 
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wheels  being  kept  inked,  there  will  be  printed  on  each 
of  the  paper  fillets  the  letter  a.  If,  now,  synchronism 
be  maintained,  then  at  any  moment  the  same  letter 
will  always  be  on  those  portions  of  the  two  type 
wheels  that  lie  nearest  to  the  paper  fillets.  If,  there- 
fore, the  wheels  be  stopped  at  the  proper  time,  and 
the  paper  fillet  be  pressed  against  the  printing  wheels, 
it  is  evident  that  the  message  will  be  received  in 
printed  characters  on  the  fillet,  arrangements  being 
made  that  the  paper  fillet,  after  receiving  any  single 
letter,  may  be  automatically  advanced  into  a  position 
in  which  it  will  be  ready  to  receive  the  next  printed 
letter.  In  actual  practice,  of  course,  a  number  of 
printing  instruments  are  placed  on  the  same  line,  the 
same  printed  message  being  received  on  each. 

Though  simple  in  theory,  yet,  in  actual  practice, 
it  has  been  found  very  difficult  to  maintain  the  exact 
synchronism  between  the  two  t3rpe  wheels  that  is 
necessary  for  the  proper  operation  of  the  printing 
telegraph.  It  can  readily  be  seen  how  unintelligible 
would  be  the  message  received  if  one  of  the  wheels  G«ier»i 

^  operation 

was  only  a  single  letter  or  character  either  back  or  f^^^^ 
ahead  of  the  other.     In  order  to  avoid  this,  various  printing 

'  telegraph. 

plans  have  been  proposed.  The  one  most  frequently 
adopted  places  the  control  of  the  type  wheels  at  the 
various  stations  under  the  influence  or  control  of  a 
sending  transmitter.  The  plan  most  generally 
adopted  for  this  purpose  employs  the  step-by-step 
movement  obtained  by  the  alternate  to-and-f  ro  move- 
ments of  the  armature  of  a  polarized  relay.  These 
movements  operate  an  escapement,  which  permits  an 
escape  wheel  to  rotate  a  single  tooth  or  step  for  each 
impulse.  If,  therefore,  the  type  wheel  be  provided 
with  36  separate  teeth  or  type  characters,  and  the 
transmitting  operator  desires  to  repeat  the  same  let- 
ter, it  will  be  necessary  that  he  send  into  the  line 
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wire  36  sqrarate  impulses,  since  this  will  cause  the 
wheel  to  make  36  successive  steps,  and  thus  com- 
plete a  single  rotation ;  and  so  for  any  other  char- 
acter. In  some  forms  of  printing  instruments,  such, 
for  example,  as  the  stock  ticker,  the  necessary  number 
of  separate  impulses  required  to  bring  a  type  wheel 
8tep-by-step  from  the  particular  character  at  which 
it  stands  to  the  next  diaracter  that  is  to  be  printed 
is  obtained  by  means  of  the  depression  of  a  number 
of  keys  corresponding  to  the  desired  letters. 


FiO.  i£».— CilUhao'i  Stock  Ticker.     Mote  the  lepuatc  «erie*  of  letten 
and  of  nuRicrali  on  the  ncord  slip. 

In  some  forms  of  stock  tickers  there  are  two  sepa- 
rate type  wheels  placed  on  the  same  instrument.  On 
one  of  these  wheels  are  placed  the  letters  of  the  al- 
I^abet,  and  on  the  other  the  numerals.  The  stock 
'  ticker  represented  in  Fig.  169  was  invented  by  Calla- 
han. Here,  as  will  be  seen,  two  printing  wheels  or 
type  wheels  are  placed  side  by  side  above  a  paper 
fillet.  The  two  separate  wheels  are  moved  by  suit- 
able step-by-step  devices,  the  necessary  impulses  be- 
ing sent  into  the  line  by  means  of  specially  arranged 
drcait  makers  and  brtakers.     When  the  proper  let- 
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ter  or  numeral  is  reached  at  the  distant  end  of  the 
line  the  printing  wheel  is  stopped,  and  the  paper 
fillet  is  pressed  against  its  surface. 

Generally  speaking,  electric  time  telegraphy  em- 
braces all  methods  by  which  time  is  telegraphically 
transmitted  over  a  line.     It  includes  means  whereby  SpMtdeg- 
the  true  time  is  telegraphically  announced,  either  to  "p**^* 
an  entire  neighborhood,  or  to  a  limited  number  of 
people,  as  well  as  the  means  by  which  a  single  and 
especially  accurate  timepiece,  whose  pendulum  opens 
and  closes  an  electric  contact  placed  in  a  conducting  ' 
line,  is  made  to  control  the  time  of  a  number  of  sep- 
arate watches  or  clocks  by  means  of  electro-magnets 
placed  in  the  same  circuit. 

The  correct  time  may  be  telegraphically  announced 
to  an  entire  neighborhood  by  the  dropping  of  a  time 
ball.  Such  balls  are  dropped  at  the  exact  moment 
of  noon  at  many  of  the  principal  ports  of  the  United  Btectric 
States.  By  observing  these  balls,  navigators  are 
able  to  ascertain  whatever  error  may  exist  in  their 
chronometers.  A  form  of  such  a  time  ball  is  repre- 
sented in  Fig.  1 70.  The  ball  is  placed  at  the  top  of 
some  tall  building,  and  is  dropped  at  the  exact  in- 
stant of  noon  by  means  of  an  electric  current  that  is 
automatically  sent  into  a  circuit  by  the  use  of  an  espe- 
cially exact  timepiece.  In  order  to  check  the  ac- 
curacy of  this  timepiece,  it  is  carefully  compared 
with  the  standard  clock  at  the  National  Observatory 
at  Washington. 

In  addition  to  the  above,  the  true  time  is  tele- 
graphically announced  to  various  railway  companies,  22*tfmi*to 
watchmakers,  and  jewellers  by  means  of  certain  pre-  SmpSics, 
arranged  signals,  controlled  by  a  standard  clock.  JJJJ^^^^ 
These  signals  consist  either  of  the  strokes  of  a  Morse 
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sounding  instrument,  or  the  taps  of  an  electro-mag- 
netic beU.  In  the  system  employed  in  New  York 
City  and  its  neighborhood,  a  standard  clock  trans- 
mits signals  into  a  telegraph  line  at  the  rate  of  one 
for  every  two  seconds,  omitting  one  each  minute  at 


the  58th  second ;  while  again,  at  20  seconds  before  the 
ctMnmencement  of  every  five-minute  period,  the  sig- 
nals again  cease. 

In  another  system  of  time  telegraphy,  a  number 

of  separate  clocks  are  corrected  or  brought  into  time 

g  with  an  especially  accurate  standard  clock,  by  means 

of  correcting  electric  impulses  sent  over  a  line  wire. 

These  impulses  are  caused  to  synchronize  the  oAer 
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docks  by  means  of  some  electro-medianical  device, 
which  moves  the  minute  hand  either  backward  or 
forward  as  is  rendered  necessary,  tbeee  movements 
being  determined  by  the  cliaracter  of  the  impulse. 

Another  form  of  time  telegraphy  consists  in  the 
use  of  a  standard  master  clock  for  sending  into  a  line 


wire  a  number  of  separate  electric  impulses  by  the 
to-and-fro  movements  of  its  pendulum.      Various  " 
methods  are  employed  for  establishing  these  contacts. " 
In  the  arrangement  represented  in  Fig.  171,  as  the 
pendulum  of  the  standard  or  master  clock  moves  to- 
and-fro,  it  makes  and  breaks  contact,  at  S  and  S', 
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with  a  split  battery,  n,  p,  and  in  this  way  sends  posi- 
tive and  negative  impulses  into  the  line.  Another 
system,  and  one  less  apt  to  affect  the  time  of  the 
standard  clock,  is  by  the  employment  of  a  surface  of 
mercury  for  such  contacts. 


Plo.    171. — Sccondanr   Qock.     Note  tbc  mEchuuim   of  the   Mep-bj-itep 

There  is  employed,  in  connection  with  the  master 
clock,  a  number  of  secondary  clocks.  These  are  of 
quite  simple  construction,  being,  in  fact,  only  clock 
dials,  containing  step-by-step  movements,  by  means 
of  which  the  minute  and  second  hands  are  moved 
over  the  dial.  Such  a  secondary  clock  movement  is 
represented  in  Fig,  172. 
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CHAPTER  XXII 

INDUCTION   AND   RAILROAD   TELEGRAPHY 

"1*11  speak  in  a  monstrotis  little  voice." 

— A  Midsummer-Night's  Dream,  Act  I,  Scene  I 

IT  was  known,  long  before  the  general  introduc- 
tion of  the  speaking  telephone,  that,  when  the 
rapidly  interrupted  currents  employed  in  sys- 
tems of  Morse  telegraphy  were  transmitted  through 
any  of  the  overhead  conducting  lines  or  wires  on  the  ^'J^i 
pole  lines,  there  were  set  up  by  induction  similar  cur-  SSSS?!* 
rents  in  all  the  neighboring  wires.  In  this  manner  SJ^LSe 
the  inductive  disturbance  known  as  telegraphic  cross-  ""^^^ 
talk  originated.  It  was  not,  however,  until  the  gen- 
eral introduction  of  the  speaking  telephone,  with  its 
marvellously  sensitive  receiver,  that  it  was  known 
how  great  was  the  distance  at  which  such  inductive 
disturbances  could  produce  intelligible  signals  when 
so  delicate  a  receiver  was  employed  for  their  recep- 
tion. If  a  Bell  telephone  receiver  be  introduced  into 
the  circuit  of  any  of  the  many  wires  on  a  pole  line, 
through  which  no  direct  currents  are  passing,  the 
effects  of  the  disturbances  produced  by  neighboring 
active  wires  will  be  found  to  be  exceedingly  marked. 
It  is  not  necessary,  however,  that  the  disturbing  wire 
be  situated  on  the  same  pole  line,  since  it  has  been 
shown  that  such  inductive  disturbances  can  be  trans- 
mitted between  wires  several  miles  apart.  Experi- 
ments of  this  character  were  undertaken  by  William 
H.  Preecc,  now  Sir  William  H.  Preece,  of  England, 
on  the  town  moor  at  Newcastle,  when  he  found  that 
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the  greatest  distance  at  which  he  could  conveniently 
separate  the  two  wires,  viz.,  a  quarter  of  a  mile,  was 
by  no  means  at  the  limit  of  their  inductive  influ- 
ence. Later  the  same  gentleman  successfully  trans- 
mitted messages  inductively  between  Bristol  and 
Gloucester,  a  distance  of  some  4^  miles.  In  all 
experiments  of  this  kind,  it  is  necessary  that  the  in- 
ducing wire  be  placed,  approximately,  parallel  to  the 
wire  on  which  it  is  desired  to  produce  an  inductive 
influence. 

In  the  early  experiments  on  the  distance  through 
which  an  inductive  influence  could  be  produced  by 
one  wire  on  another,  it  was  believed  that  evidence 
had  been  obtained  of  a  much  more  extended  area  of 
disturbance  than  that  just  mentioned.  For  example. 
Some  in  some  experiments  that  were  conducted  during  the 
SfSSS  summer  of  1886,  it  was  thought  that  signalling  had 
JSSSf^*  been  successfully  carried  on  by  the  inductive  method 
across  a  distance  of  some  40  miles  lying  between  the 
main  telegraphic  lines  that  extend  along  the  eastern 
and  the  western  coasts  of  the  northern  part  of  Eng- 
land. It  was  afterward  shown,  however,  that  this 
was  not  due  to  actual  induction  occurring  through 
this  distance  of  intervening  air,  but  had  taken  place 
through  the  medium  of  the  intricate  network  of  tele- 
graphs that  extended  in  various  directions  across  this 
part  of  the  country.  In  some  instances,  effects  as- 
cribed solely  to  induction  have  been  shown  to  be,  to 
a  greater  or  less  extent,  dependent  also  on  conduc- 
tion through  the  ground.  It  is  now,  however,  gen- 
erally recognized  that  induction  through  the  air  can 
take  place  through  distances  of  several  miles,  and 
that  this  distance  could  probably  be  considerably  ex- 
tended under  special  circumstances. 

The  possibility  of  thus  transmitting  telegraphic 
messages  across  an  intervening  air  space  by  means 
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of  inductive  effects,  has  been  practically  applied  in 
the  case  of  a  system  of  inductive  telegraphy  between 
two  moving  railroad  trains,  or  between  a  moving 
train  and  a  station  along  the  road  at  scxne  distance 
from  such  train.     There  are  several  different  ways  inductive 
in  whidi  this  can  be  done.     The  one  in  most  com-  ©n  nSfwSy 
mon  use  is  that  represented  in  Fig.  173.    Here  com-  ^^^ 
munication  is  readily  established  between  a  station 
connected  with  the  telegraph  wire,  W,  W,  and  a  car 
that  is  either  moving  rapidly  over  a  track  alongside 
the  tel^japh  wire  or  is  standing  still  on  said  track. 
The  metallic  roof,  R,  R,  of  the  railroad  car,  insulated 
from  the  body  of  the  car  by  means  of  the  wooden 
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Fig.  173. — Inductive  Telegraphy  on  Moving  Railway  Trains. 

frame,  is  connected,  as  shown,  with  the  key  K,  the 
back-stop  of  which  is  connected  through  the  receiv- 
ing telephone,  T,  to  a  ground  at  G,  established  by 
means  of  the  contact  of  the  car  wheels  with  the 
tracks.  The  front  stop  of  the  key  is  connected  with 
the  secondary,  s,  of  an  induction  coil,  whose  primary, 
p,  is  i^aced  in  the  circuit  of  the  voltaic  battery,  e. 

Suppose,  now,  that  the  line  wire,  W,  W,  is  con- 
nected with  the  secondary  of  an  induction  coil  placed 
at  (Mie  of  the  stations  to  which  this  line  extends,  so 
that  a  rapidly  intermittent  current  is  sent  into  it. 
These  variations  will,  by  induction,  charge  the  circuit 
with  which  the  roof  is  connected  with  feeble  electric 
currents,  so  that  any  one  listening  in  the  telephone, 
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T,  will  be  able  to  clearly  distinguish  such  currents 
as  a  buzzing  sound,  of  a  pitch  dependent  on  the  rate 
at  which  the  interruptions  are  produced.  If,  now, 
at  the  sending  station,  instead  of  permitting  a  con> 
tinuous  series  of  makes  and  breaks  to  enter  the  line 
from  the  induction  coil,  they  are  interrupted  by 
means  of  a  Morse  key,  in  such  a  manner  as  to  send 
characters  corresponding  to  the  dots  and  dashes  of 
the  Morse  alphabet  into  the  line,  the  operator  listen- 
S^dSrthre  ^^S  ^^  *^  telephone  in  the  car  will  receive  the  mes- 
on'iSifway  sagc  transmitted  in  the  form  of  buzzing  dots  and 
^^^^  dashes  of  the  Morse  alphabet.  In  the  same  manner, 
if  the  apparatus  in  the  car  be  provided  with  an  auto- 
matic make-and-break  introduced  into  its  primary 
circuit,  then  the  charges  produced  on  the  metallic 
roof,  R,  R,  of  the  car,  connected  with  its  secondary 
circuit,  will  induce  charges  in  the  line,  W,  W,  distin- 
guishable to  a  person  listening  at  the  telephone  in 
any  of  the  stations  along  the  line  as  a  continuous 
buzzing.  Moreover,  on  the  working  of  the  key,  K, 
in  the  car  so  as  to  send  Morse  characters  into  the 
circuit  of  the  induction  coil,  the  charges  so  produced 
on  the  roof  will  produce  inductive  disturbances  that 
will  enable  them  to  be  heard  as  buzzing  dots  and 
dashes  at  any  of  the  stations  along  the  line.  In  this 
manner,  actual  telegraphic  communication  has  been 
established  between  a  moving  train  and  stations 
along  the  line  for  a  distance  as  far  as  50  miles.  The 
Why         reasons  that  such  a  system  of  inductive  telegraphy 

inductive      1^1.  11  1  j 

telegraphy  has  not  bccn  morc  generally  employed  on  movmg 
geSSraiiy  trains,  are  the  matter  of  the  expense  of  the  ad- 
empoy  .  jitional  operators,  as  well  as  the  fact  that  the  nec- 
essary messages  can  be  sent  to  such  trains  more 
conveniently  by  handing  the  message  to  the  con- 
ductor when  the  car  passes  the  next  telegraph  sta- 
tion. It  must  be  evident,  however,  that  circum- 
stances may  readily  arise  in  which  it  might  be  very 


INDUCTION   AND    RAILROAD    TELEGRAPHY  889 

important  to  stop  a  train  after  it  has  passed  a  station 
and  before  it  reaches  the  next  succeeding  station,  and 
that  such  stoppage  of  a  train  may  result  in  the  saving 
of  expense  far  greater  than  that  which  would  be  re- 
quired for  damages  resulting  from  a  serious  accident. 

All  important  railroads  are  now  provided  with 
some  system  for  securing  safety  from  collision  by 
dividing  the  road  into  a  number  of  blocks  or  sections 
of  a  given  length,  and  so  maintaining  telegraphic 
communication  between  such  blocks  as  will  prevent, 
under  certain  circumstances,  more  than  a  single  train 
or  engine  to  be  on  the  same  block  at  the  same  time.  Block 
There  are  two  distinct  block  systems;  viz.,  the  per- SuirwS* 
missive  and  the  absolute.  In  the  permissive  block 
system,  more  than  a  single  train  is  permitted  on  a 
block  under  certain  circumstances,  each  train  being 
then  notified  that  it  is  not  the  only  train  on  that 
block.  In  the  absolute  block  system,  only  a  single 
train  or  engine  is  permitted  to  be  on  the  same  block 
at  the  same  time. 

In  order  to  notify  the  conductor  of  a  train  as  to 
the  condition  of  the  blocks,  some  system  of  sema- 
phoric  signals  is  employed.  The  semaphores  are 
operated  either  mechanically,  by  means  of  metallic 
wires  or  ropes  moved  by  levers  by  an  operator  in  s««^- 
a  block  tower,  after  he  has  obtained  knowledge  of  "s^***- 
the  moving  trains  either  by  seeing  them  or  by  tele- 
graphic communication,  or  the  semaphores  may  be 
operated  automatically  by  the  train  through  the  ac- 
tion of  compressed  air  and  electric  currents. 

A  Common  form  of  semaphoric  signal  is  repre- 
sented in  Fig.  174.  Here  the  semaphore  arm,  A,  B, 
consists  of  a  light,  movable  wooden  arm,  capable  of 
being  set  in  either  two  or  three  positions,  according 
to  whether  the  absolute  or  the  permissive  block  sys- 
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tern  is  employed.     When  the  semai^re  ann  is  in  a 
horizontal  position,  or  that  in  which  it  makes  an 
ai^le  of  90°  with  the  upright  pole  to  which  it  is 
|h^       attadied,  it  occupies  what  is  known  as  a  "danger" 
^^^^-  position,  and  when  it  is  displayed  the  trains  may  not 
'^"Uii-    enter  the  hlock  it  governs.     When  the  semaphore 
'''^■"        arm  is  dropped  down  from  the  horizontal  position 
through  an  ang'le  of  75°,  it  indicates  a  "safety"  po- 
sition, indicating  that  the  line  is  clear,  and  the  train 


may  safely  enter  the  block  it  governs.  In  the  per- 
missive system,  there  is  a  third  position ;  viz.,  a  posi- 
tion intermediate  between  the  danger  and  the  safety 
positions.  In  this  position  the  semaphore  indicates 
"caution,"  and  permits  the  train  cautiously  to  enter 
the  block,  and  look  out  for  further  signals. 

Block  systems  may  be  either  non-automatic  or 
automatic.     In  the  former  case,  the  signals  are  oper- 
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ated  by  an  observer  placed  in  a  signal  tower  at  the 
end  of  each  block.     In  the  latter  case,  they  are  oper- 
ated by  the  trains  as  they  pass  from  one  block  to 
another.     In  all  cases,  however,  some  system  of  tele- 
graphic communication  must  be  established  along  the 
line,  by  means  of  which  either  the  operator  in  charge 
of  the  signal  towers  may  receive  the  instructions  JJfiSiSf^ 
necessary  to  operate  the  semaphoric  signals,  or  thegSS*laonff 
trains  themselves  may  be  able  to  successively  make '"*'****'' 
and  break  a  series  of  electric  contacts  placed  along- 
side the  road.     Generally,  even  in  automatic  block 
signals,  some  method  of  telegraphic  communica- 
tion is  necessary  along  the  railroad. 

In  the  case  of  the  block  system  employed  on  the 
Pennsylvania  Railroad,  between  Philadelphia  and 
Jersey  City,  three  separate  tel^raphic  wires  are  re- 
quired for  the  following  purposes;  viz.,  wires,  called 
train  wires,  employed  for  sending  train  orders  only 
(these  wires  connect  the  block  towers  with  the  gen- 
eral despatcher's  office  at  Jersey  City)  ;  a  block  wire, 
connecting  each  block  tower  with  the  next  tower  on 
each  side  of  it ;  and  a  line  or  message  wire,  employed 
for  local  business  only. 

In  the  automatic  electric  block  system,  as  already 
indicated,  the  passage  of  the  train  into  a  block  sets 
the  danger  signal.  This  signal  is  continued  until  the 
train  leaves  that  block  and  enters  the  next  block, 
when  the  danger  signal  is  automatically  lowered,  and  ^iSJS?^'^ 
either  the  safety  or  the  caution  signal  displayed,  ac-  JJS^m. 
cording  to  whether  the  absolute  or  the  permissive 
Mock  system  is  employed.  In  one  form  of  auto- 
matic block  system,  the  downward  movement  of  the 
semaphore  arm  is  obtained  by  means  of  compressed 
air  acting  against  a  counter-weight,  the  air  pressure 
being  governed  by  means  of  electro-magnets. 


892  JELEOTBICITT  IN  SVERT-DAY  UFE 

Another  form  of  railroad  safety  appliance  that 
depends  for  its  operation  on  the  movements  of  the 
armature  of  an  electro-magnet,  is  the  automatic  sig- 
nal for  grade  crossings.  In  this  device,  a  gong  or 
bell  is  automatically  rung  at  the  railroad  crossing  as 
soon  as  an  approaching  train  crosses  a  certain  part 
of  the  track,  and  continues  sounding  until  after  such 
train  has  passed  the  crossing.  As  soon  as  the  train 
reaches  a  certain  part  of  the  track,  a  circuit  is  auto^ 
eiSJSfuf ^*^  matically  completed  through  the  coils  of  one  electro- 
Suh-^d  ^*^  magnet,  that,  by  the  attraction  of  its  armature,  com- 
gadecroas- pietes  the  circuit  of  another  electro-magnet,  that 
rings  the  gong  or  bell.  The  circuits  are  so  arranged 
that  the  armature  of  the  first  electro-magnet  remains 
attracted  until  the  train  has  passed  over  tiie  grade 
crossing.  Consequently,  the  bell  continues  to  ring 
or  sound  until  this  time.  As  soon,  however,  as  tiie 
train  has  passed  the  crossing,  the  armature  of  the 
first  electro-magnet  is  released  as  its  circuit  iis  opened 
automatically  by  the  train,  and,  consequently,  die  bdl 
ceases  sounding. 

In  some  railroads,  the  ordinary  bell-cord  signals 
have  been  replaced  by  electrically  operated  signals, 
depending  for  their  action  on  electro-magnetism. 
SiSSa  rtiu  Such  systems  have  been  devised  both  on  the  open 
ingenerti  ^^^  closcd-circuited  plan.  There  are,  however,  many 
difficulties  in  maintainii^  the  contacts,  and  in  avoid- 
ing the  sounding  of  false  signals  by  accidental  con- 
tacts, so  that  the  old  system  of  the  bell-cord  signals 
is  still  in  very  general  use. 
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CHAPTER  XXIII 

WIRELESS  OR  SPACE  TELEGRAPHY 

"Canst  thou  send  lightnings,  that  they  may  go  and  say  unto 
hee,  'Here  wc  are*?" — ^Job.  xxxviii,  35 

WIRELESS  or  space  telegraphy,  as  the 
words  indicate,  is  a  system  of  telegraphy 
in  which  communication  is  established 
between  two  stations  without  the  use  of  connect- 
ing wires  or  conductors.  Instead  of  having  the  two 
stations  between  which  it  is  desired  to  establish  ^STre  of 
telegraphic  communication,  joined  by  conducting  Jj^*^ 
wires,  it  is  only  necessary  to  place  transmitting '***'"p'*^' 
apparatus  at  one  station  and  receiving  apparatus 
at  the  other  station.  At  the  transmitting  station 
electro-magnetic  waves  are  produced  by  means  of 
disruptive  electric  discharges.  These  waves,  mov- 
ing outward  in  all  directions  through  the  lumi- 
niferous  ether,  come  in  some  part  of  their  path  in 
the  neighborhood  of  receiving  apparatus,  in  which 
they  produce  certain  effects  by  means  of  which  the 
message  is  recorded.  Such  telegraphy  is  called 
wireless  telegraphy,  because  communication  can  be 
established  between  two  stations  without  the  use 
of  connecting  wires.  It  is  also  called  space  teleg- 
raphy, because  the  impulses,  transmitted  from  one 
station,  pass  through  the  space  existing  between 
the  two  stations. 

In  the  early  history  of  the  art,  it  was  feared  that 
the  curvature  of  the  earth  would  prevent  a  system 
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certain  parts  of  the  ear  into  vibration,  the  pitch  of 
the  note  heard  depending  on  the  number  of  such 
vibrations. 

Now  each  string  of  a  piano  has  practically  only 
a  single  definite  rate  at  which  it  can  readily  be  set 
into  vibration.  Consequently,  each  string  produces 
a  note  of  a  particular  pitch.  When  a  strong  note  is 
sung  into  the  open  piano,  the  sound  waves  strike  all 
the  strings,  and  give  to  each  a  slight  push  or  for- 
ward movement.  The  amount  of  this  movement, 
however,  is  far  too  small  to  enable  the  string  to 
continue  its  to-and-fro  motions  and  produce  any 
appreciable  sound.  In  the  case,  however,  of  some 
particular  string  whose  time  of  vibration — ^that  is, 
SipuiS**  the  time  it  would  require  to  make  a  complete  to-and- 
Sddlhdr^  fro  motion — is  exactly  the  same  as  that  of  the  time 
effects.  Qf  vibration  of  the  sound  uttered  into  the  piano, 
it  follows  that  just  as  the  string  has  completed  its 
downward  and  upward  motions,  and  is  again  ready 
to  move  downward,  it  will  receive  a  second  im- 
pulse from  the  sound  waves  in  the  same  direction, 
thus  adding  to  the  amount  of  motion  it  has  already 
acquired.  Moreover,  if  these  successive  impulses 
are  each  received  at  exactly  the  time  when  the  string 
has  completed  its  upward  movement  and  is  ready 
again  to  move  downward,  the  total  motion  set  up 
in  the  string  will  soon  be  sufficiently  great  to  cause 
it  to  emit  an  audible  musical  sound.  It  will  not  be 
so,  however,  with  any  of  the  other  strings,  unless, 
to  a  certain  extent,  with  strings  whose  rates  of  vi- 
bration are  in  equal  multiples  of  the  rates  of  vibra- 
tion of  the  sound  waves;  for,  although  all  such 
strings  will  receive  equally  powerful  impulses,  yet 
such  impulses  will  not  be  timed,  but  will  frequently 
act  to  move  the  string  in  the  opposite  direction  to 
that  in  which  it  has  already  been  moved,  and  would. 
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therefore,  tend  to  take  from  rather  than  add  to  the 
amount  of  its  motion. 

As  we  shall  soon  see,  the  receiving  apparatus  em- 
ployed in  certain  types  of  wireless  or  space  teleg- 
raphy depends  for  its  operation  on  s)rmpathetic  vi- 
brations set  up  by  the  electro-magnetic  waves  that 
are  caused  to  travel  through  the  ether  in  all  direc- 
tions from  the  transmitting  instrument.  The  gen- 
eral principle  of  sympathetic  action  is  the  same, 
whether  the  vibratory  movements  in  the  ether  take 
place  at  the  rate  of  hundreds  of  millions  of  vibra- 
tions per  second,  or  whether  they  take  place  in  thefn^J^^e 
air  at  the  rate  of  a  few  hundreds  of  vibrations  perSSSSi^' 
second.  Sympathetic  vibrations  will  only  be  set  up  in  SSSSS!'*" 
such  receiving  instruments  as  are  ttmed  to  certain 
definite  rates  of  vibration.  Consequently,  although 
there  may  be  speeding  through  the  ether  surrounding 
the  earth  waves  produced  by  thousands  of  wireless 
telegraphic  transmitters,  yet  to  a  certain  extent  such 
waves  may  pass  by  any  receiver  which  is  not  tuned 
so  as  exactly  to  agree  or  be  in  sympathy  with  a  par- 
ticular transmitter,  just  as  if  such  waves  were  not 
present.  It  is  this  possibility  of  tuning  the  receiv- 
ing instruments  employed  in  wireless  or  space  telega 
raphy,  so  that  they  will  respond  only  to  the  waves 
produced  by  some  particular  transmitter,  that  en- 
sures the  privacy  of  the  messages  sent  bv  wireless 
telegraphy* 


A  single. 


Since  it  is  the  universal  ether  that  conveys  the 
electro-magnetic  waves  in  wireless  or  space  teleg- 
raphy, it  is  not,  in  a  general  sense,  true  that  eachhug^oiW 
pair  of  correspondents  is  furnished  with  a  distinct  fo?au  wile- 
and  separate  line,  pre-empted  in  the  ether.      Ons^odelol 
the  contrary,  all  other  correspondents  who  are  send- 
ing or  receiving  messages  by  this  kind  of  telegraphy 
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are  connected  together  in  multiple  to  a  single  huge 
common  conductor,  ue  with  the  ether  itself.  Into 
this  universal  medium  there  is  being  sent  from  every 
transmitting  instrument  that  is  employed  in  wire- 
less tel^^aphy,  the  peculiar  waves  or  vibrations 
which  have  been  selected  for  the  use  of  each  set  of 
apparatus.  All  of  these  vibrations  impart  their  pe- 
culiar character  to  the  surrounding  ether,  so  that 
there  is  thus  set  up  in  the  ether  a  series  of  exceed- 
ingly complex  waves,  that  practically  affect  the  en- 
tire mass  of  the  ether  over  very  extensive  regions. 
When  such  a  complex  wave  comes  into  the  neigh- 
borhood of  a  wireless  telegraphic  receiver,  this  re- 
ceiver is  not  affected  unless  there  is  present  in  the 
complex  wave  the  peculiar  rate  of  vibration  to  which 
this  especial  receiver  is  tuned.  All  other  waves  pass 
by  it  as  if  it  had  no  existence. 

Of  course,  if,  by  some  mischance,  more  than  a 
single  set  of  correspondents  happen  to  have  selected 
the  same  rate  of  vibration  for  their  transmitting  in- 
^t>^'''  strutnent,  then  both  sets  of  correspondents  will  re- 
wffei«  ceive  indifferently  the  messages  that  are  only  in- 
tended for  one  of  them.  Consequently,  although 
it  is  unquestionably  a  g^eat  convenience  to  be  able 
to  readily  convey  intelligence  between  any  two  points 
on  the  surface  of  the  earth  without  being  obliged 
to  connect  such  points  by  conducting  wires,  yet  such 
convenience  is  subject  to  the  disadvantage  that  the 
ether  between  such  points  is  at  the  same  time  open 
for  the  use  of  all  others  who  desire  to  employ  it. 
Unless  the  transmitting  and  receiving  instruments 
are  carefully  tuned  by  each  selecting  some  peculiar 
rate  of  vibration,  so  that  no  other  instruments  are 
likely  to  adopt  the  same  rate  of  vibration,  then  the 
messages  conveyed  by  wireless  telegraphy  are  open 
to  the  great  objection  of  being  possibly  read  by 
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Others  than  those  for  whom  they  have  been  de- 
signed. It  will  be  interesting,  therefore,  to  inquire 
at  some  length  as  to  the  general  character  of  the 
vibrations  or  waves  that  are  likely  to  be  present  in 
the  ether  at  any  place. 

A  very  little  thought  will  show  that  such  vibra- 
tions are  of  an  extremely  varying  character.     The 
universal  ether  is  practically  never  at  rest,  but  is  con- 
tinually throbbing  with  vibrations  that  differ  mark-  Gmt 
ediy  in  length;  for,  as  is  well  known,  this  ether  isandnnce 
the  medium  through  which  heat,  light,  and  all  other  ▼ibmtioM. 
electro-magnetic  disturbances  are  propagated.  More- 
over, it  is  now  generally  recognized  that  the  electro- 
magnetic waves  which  are  sent  off  in  all  directions 
through  space  by  the  discharge  of  a  Leyden  jar,  in- 
duction coil,  or  other  disruptive  discharge,  differ 
from  the  waves  that  transmit  Kght  and  heat  only  in 
their  wave  length.     The  following  varieties  of  elec- 
tro-magnetic waves  are,  therefore,  probably  always 
present  in  the  universal  ether;  viz.,  the  electro- 
magnetic waves   from   the  sun,   produced   by  an 
unusual  disturbance  in  its  magnetic  equilibrium. 
These  may  be  of  exceedingly  great  wave  lengths, 
possibly,  in  some  cases,  amounting  to  more  than 
one  million   of  miles   for  each   wave,   or   waves 
whose  numbers  of  vibration  would  possibly  be  about    . 
one  in  every  6)4   seconds;  the  electro-magnetic 
waves  produced  by  the  lightning  flash  are  much 
shorter,  being  estimated  at  something  like  ii,ooo 
miles  in  length,  or  somewhere  in  the  neighborhood 
of  17  per  second.      Coming  to  the  electro-magnetic 
waves  produced  by  man,  according  to  A.  V.  Abbott,  varyinfr 
induction  coils  can  be  made  producing  waves  iSU^XSw 
miles  in  length,  or  some  10,000  vibrations  per  sec-  SL^^u? 
ond.     The  waves  produced  by  a  pint  Leyden  jar  are  ^*^** 
54  feet  long,  or  18,000,000  vibrations  per  second.    A 
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large  oscillator  may  produce  electro-magnetic  waves 
one  foot  in  length,  or  1,000,000,000  vibrations  per 
second;  a  five-inch  oscillator  may  produce  waves  7 
inches  long,  or  1,720,000,000  vibrations  per  second, 
while  the  shortest  electrical  wave  is  estimated  at 
254  inches  in  length,  or  4,800,000,000  vibrations  per 
second 


Electro- 
magnetic 
heat  waves. 


The  electro-magnetic  waves  that  transmit  the  ef- 
fect wh;ch  is  generally  recognized  as  heat  are  much 
shorter,  varying  from  20  trillions  of  vibrations  per 
second  for  the  lowest  heat  sensation,  to  300  trillicms 
of  vibrations  per  second  for  the  highest  heat  sensa- 
tion, while  those  required  to  produce  light  are  still 
shorter,  varying  from  434  trillions  of  vibrations  per 
second  for  red  light,  to  740  trillions  per  second  for 
violet  light,  while  the  radiations  beyond  the  violet 
are  produced  by  vibrations  reaching  the  enormous 
number  of  870  to  1,500  trillions  of  vibraticms  per 
second. 


Wide 
possible 
range  of 
electro- 
magnetic 
waves  in 
the  ether. 


The  existence,  therefore,  is  possible  in  the  uni- 
versal ether  of  waves  varying  from  i  J^  millions  of 
miles  in  length  to  the  nr.vH.m  of  an  inch  in  length, 
which,  as  will  be  seen,  is  an  exceedingly  great  limit. 
There  is,  consequently,  an  extremely  wide  range  in 
which  possible  electro-magnetic  waves  can  be  set  up. 
Although  only  those  within  certain  comparatively 
limited  ranges  of  vibrations  can  be  employed  in  wire- 
less telegraphy,  yet  such  range  is,  in  point  of  fact, 
extremely  great.  It  is  possible,  therefore,  for  a  great 
number  of  different  receiving  instruments  to  be  em- 
ployed, all  of  which  shall  have  a  distinctive  and  pe- 
culiar electro-magnetic  tone.  In  other  words,  it  is 
possible  for  a  great  number  of  receiving  instruments 
to  be  employed  that  shall  be  entirely  independent  of 
one  another.    Let  us  now  look  more  closely  into  the 
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methods  actually  employed  in  wireless  or  space  teleg- 
raphy, at  the  same  time  briefly  tracing  the  early  his- 
tory of  this  important  branch  of  the  electric  art. 

Strictly  speaking,  wireless  or  space  telegraphy  was 
first  actually  carried  into  practice  in  the  case  of  the 
inductive  telegraphy  to  which  we  have  referred  in 
the  last  chapter.    Here  electric  currents  that  rapidly  inductive 
alternate  or  change  their  direction  are  caused  toatpedc 
flow  through  one  conductor  or  wire,  and  produce  by  °' »p»««,^ 
electro-magnetic   induction   waves   in   neighboring 
conductors  or  wires.      Moreover,  such  a  system  of 
inductive  telegraphy  has  been  actually  employed,  al- 
though in  only  a  limited  manner,  on  some  of  the 


Pia  175.— Hertsian  Oidllator  for  Producing  Electro-magnetic  Wai 
Note  the  connection   of  the   secondary  terminals   with  the   brass  rods 
and  their  regulable  spark  gap. 

railroad  lines  in  the  United  States ;  and  if  it  has  not 
been  more  extensively  introduced  on  such  lines,  it 
has  not  been  by  reascxi  of  any  inherent  difiiculties, 
but  apparently  only  on  the  score  of  imaginary  econ- 
omy. But,  leaving  such  systems  of  wireless  teleg- 
raphy out  of  the  question,  and  using  these  words  only  SiSS 
in  the  now  commonly  accepted  sense,  the  first  actual  JjSST"* 
establishment  of  wireless  telegraphic  communication 
was  that  of  Prof.  A.  Popoff,  of  the  Cronstadt  Tor- 
pedo School,  who  presented,  in  April,  1895,  to  the 
Russian  Physical  Society,  the  system  of  wireless 
telegraphy  represented  in  Figs.  175  and  176. 

The  transmitting  instrument  shown  in  Fig.  175 
consists  of  a  Hertzian  oscillator,  by  means  of  which 
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Hertx 
oscillator. 


electro-magnetic  waves  are  produced.  The  oociHa- 
tor  consists  of  an  induction  coil,  A,  the  secondary 
terminals  of  which  are  connected  to  a  pair  of  brass 
rods,  terminated  at  their  approached  ends  in  two 
highly  polished  knobs,  B,  adjustable  as  regards  the 
distance  between  them  at  B,  The  brass  rods  bear 
two  large  metallic  spheres,  C,  C,  that  slide  on  the 
rods  so  as  to  permit  the  distance  from  the  two  balls 
at  B  to  be  readily  varied.  When  a  disruptive  dis- 
charge takes  place  between  the  balls  at  B,  electro- 
magnetic waves  are  propagated  in  all  directions 


Vkrtleal 
mre 


Fio.  176.— Popoff  Receiving  Apparatns  for  Wirelesa  Telegraphy. 


through  Space.  If  such  disturbances  are  sent  into 
space  at  rates  corresponding  to  the  dots  and  dashes 
of  the  Morse  td^^phic  alphabet,  and  the  trans- 
mitting instrument  is  tuned  in  accordance  wiA  a  re- 
ceiver, waves  will  affect  such  receiving  instrument  in 
a  manner  we  will  now  briefly  describe. 

The  receiving  instrument  of  Popoff  consists  of  a 
vertical  wire  or  exploring  rod.  Fig.  176,  that  is  con- 
nected to  the  earth  through  an  instrument  called  a 
coherer,  which,  in  its  turn,  is  connected  with  the  cir- 
cuit of  a  vohaic  battery  and  an  ordinary  telegraphie 
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relay.  This  rday  was  caused  to  close  the  ciratit  of 
another  and  larger  battery,  not  shown  in  the  figure, 
in  whose  circuit  was  placed  an  electro-magnetic  bell, 
and  a  telegraphic  recorder.  The  coherer  consists  of 
a  glass  tube  partly  filled  with  metallic  filings.  Un- 
der ordinary  circumstances,  the  electric  resistance  of 
these  filings  is  so  great  that  the  battery  current  is 
not  completed  through  them.  When,  however,  an 
electro-magnetic  wave  of  a  definite  rate  falls  on  the 
coherer,  an  effect  is  produced  on  the  filings  which 
causes  them  to  cling  more  closely  together,  or  to  co-  Sfoi^f 
here,  so  that  their  electric  resistance  falls  from  anJJjJ^^SS 
almost  infinitely  high  value  to  a  value  of  perhaps 
only  500  or  1,000  ohms.  Consequently,  the  current 
from  the  battery  flows  through  the  coherer,  and  the 
relay,  being  actuated,  closes  the  circuit  of  the  larger 
battery,  actuates  the  recorder,  and  leaves  a  perma- 
nent record  of  the  impulse  so  received.  At  the  same 
time,  however,  the  electro-magnetic  bell  gives  the  co- 
herer tube  a  short,  quick  blow  or  tap,  and  thus  causes 
the  filings  to  decohere,  or  to  fall  apart,  thus  breaking 
the  circuit  of  the  coherer,  and,  consequently,  of  both 
batteries. 

Concerning  the  above  apparatus,  Popoff  said,  in 
December,  1895 :  "I  entertain  the  hope  that  when  my 
apparatus  is  perfected  it  will  be  applicable  to  the 
transmission  of  signals  to  a  distance  by  means  of 
rapid  electric  vibrations." 

The  essential  parts  of  a  system  of  wireless  teleg- 
raphy may,  therefore,  be  regarded  as  consisting  of 
the  following;  viz.,  first,  the  transmitter  by  means  p^of! 
of  which  electro-magnetic  waves  are  propagated  in  IJS^I* 
practically  all  directions ;  second,  of  the  coherer.  Let 
us  now  go,  at  some  little  detail,  into  the  history  of 
these  two  parts  of  the  system  of  wireless  telegraphy. 
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The  discovery  that  electro-magnetic  waves  are 
produced  by  disruptive  discharges  dates  back  as  far 
as  1838,  when  Prof.  Joseph  Henry  was  carrying  on 
KMarchcs.  ^^^  researches  in  mutual  and  self-induction.     At  this 
early  day,  Henry  pointed  out  his  belief  that  such  dis- 
charges were  oscillatory  in  character.      In   1886, 
Hertz  began  his  magnificent  series  of  researches  on 
dectric  waves,  when  he  made  the  important  discov- 
ery that,  in  order  to  produce  electro-magnetic  dis- 
turbances in  insulated  spirals  or  coils  of  wire,  it  was 
not  necessary  to  use  the  discharges  of  powerful  bat- 
teries, but  that  such  discharges  could  be  replaced  by 
the  discharges  of  Leyden  jars,  provided  the  Leyden- 
jar  discharge  was  made  to  take  place  through  a  small 
air  space.     Several  years  before  the  time  of  Hertz's 
experiment.  Prof.  Oliver  Lodge,  of  England,  was 
SeSttof     conducting  the  series  of  experiments  to  which  we 
oi?v^^    have  already  called  attention  concerning  the  manner 
^^***       in  which  lightning-rods  act.    In  these  investigations, 
Lodge  nearly  anticipated  Hertz  concerning  the  act- 
ual existence  of  electro-magnetic  waves.     In  some 
of  his  experiments,  Lodge  placed  two  small  Leyden 
jars  about  two  yards  apart,  and  succeeded  in  charg- 
ing one  of  the  jars  by  the  discharge  of  the  other, 
although  there  was  no  connection  between  them 
whereby  charges  might  have  been  produced  conduc- 
tively.    In  order  to  obtain  these  results.  Lodge  found 
that  it  was  necessary  to  tune  the  two  jars.     This  he 
did  as  follows:     Selecting  two  jars  that  were  as 
nearly  alike  in  size,  general  character,  etc.,  as  possi- 
Lodge'sex-  blc,  he  conuccted  the  jar  at  B  with  an  ordinary  elec- 
SfitTtmied  tro-static  induction  machine,  as  represented  in  Fig. 
Leyden  jan  ^^^^  ^^^  provided  a  circuit  about  one  yard  in  diame^ 

ter,  connecting  the  inner  and  outer  coatings  of  the 
jar,  and  provided  with  a  short  air  gap  at  C,  where 
there  were  two  highly  polished  metallic  balls.  A 
second  jar,  i^aced  at  a  distance  of  about  two  yards 
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from  the  first,  was  provided  with  a  metallic  slider, 
D,  which  was  capable  of  adjustment  until  the  two 
jars  were  tuned,  the  fact  of  this  tuning  being  deter- 
mined by  moving  the  slider  until  the  discharge  be- 
tween the  balls  at  C  caused  a  discharge  to  take  place 
in  A,  at  E',  by  means  of  a  thin  strip  of  tin-foil  that 
had  been  placed  over  the  upper  edge  of  the  jar,  so  as 
to  bring  the  inner  coating  a  short  distance  from  the 
outer  coating.  Lodge  called  this  process  of  causing 
one  jar  to  have  its  dimensions  so  varied  as  to  make 
it  readily  influenced  by  the  other  jar,  syntonizing, 
or  tuning  the  jars. 


Fro.   177. — Lodce'i  SfMonk  or  Toned  Lcyden  Jtn. 

In  a  piano,  the  number  of  vibrations  per  second 
a  string  produces  depends  on  the  force  with  which 
the  string  is  stretched,  as  well  as  on  its  size,  that  is, 
its  length  and  thickness,  and  on  its  density.    In  the 
case  of  a  Leyden  jar,  the  number  of  vibrations  that  "^"^^ 
the  discharge  will  set  up  in  the  space  around  it  de-Jj^^u 
pends  on  the  capacity  of  the  circuit  connected  with  i'fb^oS! 
the  jar,  or  on  the  value  of  the  electric  charge  the  jar 
is  capable  of  holding.    This  capacity  corresponds  to 
the  flexibility  of  the  wire,  so  that,  within  certain 
limits,  the  number  of  vibrations  the  discharge  pro 
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duces  may  be  varied  by  varying  the  capacity  of  the 
jar.  In  a  similar  manner,  the  inertia  of  the  piano 
wire  corresponds  to  the  self-induction  of  the  electric 
circuit  connected  with  the  Leyden  jar.  Any  cause 
which  increases  either  the  capacity  or  the  self-in- 
duction will  decrease  the  rate  of  vibration  or  oscilla- 
tion, so  that,  if  the  size  of  the  Leyden  jar  be  in- 
creased, or  the  length  of  the  circuit  connected  with 
it  be  increased,  the  number  of  vibrations  per  second 
will  be  decreased ;  or,  in  other  words,  the  length  of 
the  waves  will  be  increased. 

In  the  case  of  a  piano  wire,  the  vibrations  will 
continue  for  a  comparatively  long  time,  provided 
the  wire  be  free  to  move,  but  will  rapidly  die  away 
SSSl"?f      if  the  wire  be  damped  by  the  pedal,  or  by  surround- 
jfrm^      ing  the  wire  with  some  viscid  substance  like  oil. 
mcntarr.     j^q^  j^\^^  oscillatious  of  a  Leyden  jar  do  not  continue 
for  a  very  long  time,  but  rapidly  die  out.     The^ 
may,  however,  be  damped  still  further  by  introduc- 
ing a  resistance  into  the  circuit  of  the  discharge. 

Hertz's  oscillator  was  in  reality  a  Leyden  jar.    It 
differed,  however,  from  the  Leyden  jar  of  Lodge, 
in  that  it  was  of  such  a  design  as  permitted  a  far 
more  ready  transfer  of  electro-magnetic  energy  to 
the  surrounding  ether.     In  the  case  of  the  Hertz 
Reaem-      oscillator,  by  varying  the  positions  of  the  spheres 
Hm?!  ^    C,  C,  on  the  brass  rods,  the  oscillator  could  be  tuned 
L^^  ^  into  sympathy  with  the  receiving  device  Hertz  em- 
^Sr"      ployed,  and  called  by  him  a  resonator.    This  resona- 
tor consisted  of  a  rectangular  or  circular  wire,  D, 
Fig.   175,  that  terminated  in  two  highly  polished 
balls,  placed  close  together.     It  can  be  shown  that, 
when  the  two  coatings  of  a  Leyden  jar  are  placed 
near  together,  as  in  the  Lodge  syntonized  jars,  the 
waves  given  off  by  the  disruptive  discharge  will  have 
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a  much  larger  proportion  of  magnetic  energy  than 
electn>5tatic  energy,  and  that,  when  the  coatings  are 
separated  at  a  greater  distance  from  each  other,  as 
in  the  Hertz  oscillator,  the  two  varieties  of  energy 
are  more  nearly  equal,  this  being  the  condition  in 
which  the  greatest  amount  of  radiation  will  take 
place. 

Coming  now  to  the  most  important  part  of  the 
receiving  apparatus,  viz.,  the  coherer,  we  find  thatj^    ^ 
this  part  of  the  invention  was  one  in  which  quite  a  {£1,^°^ 
number  of  different  investigators  had  a  part.     Pro-  «>i>««- 
fessor  Lodge  has  published  in  the  London  "Elec- 
trician," for  November  12,  1897,  an  excellent  his- 
torical sketch  of  the  discoveries  that  finally  led  up 
to  the  coherer.     We  shall  avail  ourselves  of  many 
of  the  facts  cited  in  this  article. 

According  to  Lodge,  the  first  observation  of  the 
fact  that  a  disruptive  discharge  is  able  to  produce  the 
coherence  of  finely  divided  matter  was  made  by  Gui- 
tard,  in  1850*  Guitard's  observation  was  the  fact  to  ^^^ 
which  we  have  already  alluded  in  Volume  I.,  that 
when  a  discharge  from  a  fine  metallic  point,  ue.  a 
convective  discharge,  is  passed  through  dtisty  or 
smoky  air,  a  rapid  clearing  of  the  air  results,  the  dust 
particles  being  deposited  on  the  walls  of  the  contain- 
ing vessel.  This  clearing  arises  from  the  tendency 
of  the  dost  particles,  under  the  influence  of  the  elec- 
tric discharge,  to  cohere  into  strings  or  flakes. 

In  1866,  S.  A.  Varley  described  a  form  of  light- 
ning arrester,  whose  operation  depends  on  the  de-y^,^y^ 
crease  in  the  electric  resistance  of  a  heap  of  dust  '"^ 
particles  by  the  passage  of  a  discharge  through  them. 

We  have  already  alluded,  in  Volume  L,  to  the  ob- 
servatioD  of  Lord  Rayleigh,  in  1879,  of  the  marked  J^^**^*** 
change  produced  in  the  appearance  of  a  jet  of  water 
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by  the  approach  of  an  electrified  rod.  Under  these 
circumstances,  the  drops,  instead  of  being  scattered, 
collect  together  in  larger  drops.  This  was  a  case  in 
which  finely  divided  particles  are  caused  to  cohere 
under  the  influence  of  electric  discharges. 


While  engaged  in  experiments  as  to  the  cause  of 
Lodge  and  *^^  f  rccdom  f  rom  dust  of  air  in  the  neighborhood  of 
dirtpht    h^ted  bodies,  Professor  Lodge,  in  connection  with 
nomeaa.     j^  ^ff  ^  Clark,  rediscovcrcd  the  electric  dust  phenom- 
ena of  Guitard,  and  showed  that  such  freedom  was 
due  to  a  molecular  bombardment  referred  to  by  us 
in   the   previous   volume   in   connection   with   the 
Crookes  radiometer. 

In  1889,  while  experimenting  in  connection  with 
a  modified  form  of  saw-toothed  lightning  arrester 
employed  for  protecting  telegraphic  instruments,  in 
which  the  approached  teeth  were  replaced  by  two 
metallic  balls,  Lodge  observed  that  when  these  balls 
were  placed  near  each  other,  the  simple  discharge  of 
a  spark  between  them  was  sufficient  to  bridge  the 
gap,  even  if  it  was  only  a  spark  produced  by  a  small 
Leyden  jar.  He  noticed,  moreover,  that  when  this 
gap  was  once  thus  bridged,  a  permanent  contact  was 
produced,  as  was  proved  by  placing  an  electric  bell 
and  a  small  voltaic  battery  in  the  circuit  of  the  con- 
tact. As  soon  as  the  spark  passed,  contact  was  estab- 
lished, and  the  bell  continued  to  ring  until  the  table 
on  which  it  was  placed  was  given  a  slight  jar  or  tap, 
so  as  to  mechanically  break  the  contact. 

In  1891,  Minchin,  while  experimenting  with  a  va- 

Minchiii,     riety  of  photo-electric  cell  already  referred  to,  and 

***'•         called  an  impulsion  cell,  observed  that  one  of  these 

cells  was  automatically  C(Hinected  to  the  circuit  of 

an  electrometer,  whenever  sparks  passed  across  a 
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spark  gap  of  a  Hertz  oscillator  working  in  an  ad- 
joining room.  Here,  again,  was  the  principle  of 
the  coherer,  and  Minchin  actually  succeeded  in  sig- 
nalling through  a  distance  of  a  few  yards  in  this 
manner.  It  is  interesting  in  this  connection  to  note 
that  the  decrease  in  the  electric  resistance  of  selenium 
by  light,  f>.  electro-magnetic  waves,  may  possibly  be 
a  phenomenon  allied  to  the  decrease  in  the  resistance 
of  the  coherer  on  the  falling  on  it  of  the  larger  elec- 
tro-magnetic waves  employed  in  wireless  telegraphy. 

Passing  over  some  experiments  made  by  Boltz- 
mann  with  a  charged  gold-leaf  electroscope,  whose 
leaves  were  placed  so  as  to  be  just  on  the  point  of 
discharging  across  a  small  air  gap,  and  which  was 
found  to  be  very  sensitive  to  Hertz  waves,  as  well  SSS-S ' 
as  some  modifications  of  this  experiment,  by  Lodge, 
who  employed  a  carbon  air  gap,  we  come  to  the 
very  important  researches  of  Branley,  who  produced 
the  particular  form  of  coherer  that  is  employed  to- 
day in  systems  of  wireless  telegraphy.     As  soon  as 
Lodge  became  acquainted  with  Branley's  form  of 
coherer,  he  produced,  in  connection  with  Fitzgerald, 
a  coherer  consisting  of  an  ordinary  sewing  needle, 
resting  on  a  strip  of  aluminium  foil.    It  was  during  •ndfiu- 
this  series  of  experiments  that  Lodge  made  the  micropSon. 
great  itnprovetnent  in  coherers  by  «iclosing  the^^^ 
same  in  a  vacuum  tube,  or  in  an  atmosphere  of  hy- 
drogen, in  order  to  ensure  the  continued  working  of 
the  coherer  by  preventing  any  oxidation  that  might 
otherwise  occur. 

Having  now  briefly  examined  into  the  history  of 
the  art,  we  come  to  the  form  of  wireless  telegraphic  Marcorfs 
apparatus  devised  by  Marconi,  shortly  after  theJiJ^hic 
announcement  by  Popoflf  of  his  system  of  wireless*****"**^ 
telegraphy.     Marconi  made  an  application  for  pro- 
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visional  protection  for  a  system  of  wireless  trans- 
mission in  June,  1896,  and  filed  the  completed  speci- 
fication for  the  same  on  March  2,  1897. 

Marconi's  early  apparatus  are  represented  in  Figs. 

178  and  179,  the  first  of  which  figures  shows  the 
£^£i,'*  arrangement  of  the  transmitting  apparatus,  and  the 
SS^^*"*"  other  figure  that  of  the  receiving  apparatus.  A 
qipuitni.  marked  resemblance  will  be  observed  between  the 

apparatus  of  Popoff  and  Marconi,  though,  doubtless. 


&^^ 


6i 

Qd 


Mtrconl  Tmumiltar. 


the  latter  individual  was  ignorant  of  what  Popoff 
had  already  accomplished.  In  Marconi's  transmit- 
ting apparatus,  the  induction  coil,  c,  Fig.  178,  has  its 
secondary  terminal  connected  by  means  of  wires,  (f, 
tf,  to  two  small  spheres,  d,  d,  between  which  the 
sparks  were  (^ssed.  One  of  these  spheres  was  con- 
nected with  the  vertical  conductor,  W,  extending  up- 
ward for  some  distance  into  the  air,  while  the  other 
sphere  was  connected  to  the  ground  by  another  wire 
as  shown.  A  Morse  key,  6,  was  included  in  the  cir- 
cuit of  a  voltaic  battery,  a,  and  the  primary  of  the 
induction  coil,  c. 


WIBELBSS    OR   SPACE   TBLgSaAFaT  411 

In  one  form  of  Marconi's  receiving  instruments, 
Hie  coherer  tube  is  shown  at  /,  }*,  Fig.  179.    This 
coherer  consists  of  two  pole  pieces  of  silver,  ;*,  y, 
placed  at  about  the  distance  of  ^  of  an  inch  apart, 
the  gap  between  them  being  then  partly  filled  by  a  ISJ5^'* 
mixture  of  filings  of  pure  nidtd,  to  which  4  per  cent  iS^^^ 
of  silver  filings  had  been  added.     A  slight  trace  of  "pp*""* 
mercury  was  mixed  with  the  filings,  since  this  has 
been  found  to  greatly  increase  the  sensitiveness  of  the 
instrument.    After  the  filings  are  introduced,  a  mod- 
erately high  vacuum  is  produced  in  the  tube,  which 


is  then  hermetically  sealed.  As  in  the  case  of  the 
Popoff  receiver,  the  coherer  is  placed  in  the  circntt 
of  a  single  voltaic  cell,  g,  and  a  very  sensitive  tele- 
graphic relay,  n.  The  contact  points  of  this  relay 
are  included  in  the  circuit  of  a  second  and  larger 
battery,  r,  in  whose  circuit  is  placed  the  telegraphic 
recording  apparatus,  h,  and  a  tremWing  electro-mag- 
netic bell,  ppj  as  in  the  Popoff  apparatus.  The  oper- 
ation of  the  receiving  apparatus  is  the  same  as  in  the 
Popoff  system.  When,  by  the  action  of  electro- 
magnetic waves  the  resistance  of  the  coherer  is  de- 
creased, the  closii^  of  the  circuit  of  the  ceU,  g,  actu^ 
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ates  the  relay.  This  closes  the  circuit  of  the  larger 
battery,  r,  when  two  things  happen;  viz.,  a  record 
of  the  impulse  received  is  made  on  the  recording 
apparatus,  and  at  the  same  time  the  coherer  is  gen- 
tly taf^d  by  the  electro-magnetic  bell,  so  as  to  be 
caused  to  decohere,  and  thus  be  ready  for  the  next 
electro-magnetic  signal  that  might  affect  it. 

Although  the  Marconi  apparatus  was,  in  many 

respects,  quite  similar  to  that  of  Popoff,  yet  Marconi 

is  to  be  credited  with  a  large  part  of  the  advance  that 

toNiiiSS  has  been  made  in  the  art  of  wireless  telegraphy. 

teiejipiS?  Marconi  was  the  first  to  recognize  the  importance 

system.      ^£  ^j^^  ^^^jj  y^^i^^A  wire  at  both  the  transmitting  and 

the  receiving  station,  whereas  Popoff  had  employed 
it  only  at  the  receiving  station.  Moreover,  Marconi 
introduced  other  improvements  into  the  new  art. 

It  will  be  noticed  in  Fig.  179,  of  the  Marconi 
receiving  apparatus,  that  choking  coils,  k,  k\  are 
placed  in  the  circuit  between  the  coherer  and  the  re- 
ustoi  lay,  for  the  purpose  of  causing  the  electro-magnetic 
cous  waves  to  pass  through  the  filings  of  the  coherer,  and 
not  to  expend  a  part  of  their  energy  in  passing 
through  the  other  or  alternative  circuit.  Choking 
coils  are  also  interposed  between  the  recording  in- 
strument and  the  receiver  terminals. 

In  order  to  prevent  electro-magnetic  waves  from 
passing  in  all  directions  through  space  around  a 
transmitter,  Marconi  employs  the  transmitter  de- 
vised  by  Righi,  represented  in  Fig.  180.  Here  two 
pmbouc  large  spheres,  e,  e,  are  placed  between  the  smaller 
spheres,  d,  d,  in  the  focal  line  of  a  parabolic  cylin- 
drical reflector.  When  such  a  reflector  is  employed 
as  a  receiver  in  order  to  determine  the  direction  from 
which  the  signals  are  being  received,  the  coherer  is 
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placed  in  its  focus,  and  the  vertical  wires,  connected 
respectively  to  the  ground  and  projecting  upward 
into  the  air  from  the  back  of  the  transmitter,  are  dis- 
connected, and  replaced  by  two  copper  strips,  at- 
tached to  the  terminals  of  tfie  coherer.  By  altering 
the  length  of  these  copper  strips,  the  receiver  is  tuned 
to  the  particular  rate  of  electro-magnetic  vibration 
of  the  transmitter.  This  form  of  reflector  has  not 
been  practically  employed  but  for  comparatively 
short  distances  of  a  mile  or  two  miles. 


Pio.  tSo. — Marconi  Lonc-dinanoc  Tnumitler  with  Parsbolie  Reflector. 

Much  has  been  accomplished  in  order  to  obtain 
syntony  between  the  transmitting  and  the  receiving 
instruments,  but  it  must  be  acknowledged  that  much 
still  remains  to  be  done  in  order  to  prevent  the  inter- 
ception of  messages.  No  little  difficulty  has  been™<jj»" 
experienced,  for  example,  in  the  English  Channel  [^^" 
and  in  other  similar  localities,  where  considerable  ™;Jjj,^ 
signalling  by  wireless  telegraphic  systems  is  being 
carried  on,  in  order  to  prevent  the  messages  from 
being  intercepted.  A  case  is  on  record,  during  some 
naval  manoeuvres  in  the  British  Navy,  where  an 
English  Admiral  succeeded  in  intercepting  the  wire- 
less messages  sent  by  his  rival.  Various  forms  of 
apparatus  have  been  devised  for  readily  varying 
the  rate  of  vibration  both  of  the  transmitting  and  the 
recwving  instruments,  so  as  to  bring  them  into  strict 
syntony.  A  form  of  syntcxiic  transmitter  is  repre- 
sented on  the  left-hand  side  of  Fig.  i8i,  in  which 
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the  vertical  wires  or  antennae,  as  they  are  sometimes 
called,  are  re^^ced  by  a  pair  of  concentric  conduc- 
^uSrf'br  to*^.  A,  A',  the  "central  ccmductor  being  connected 
^^^  to  the  ground.    A  Morse  key,  b,  and  battery,  a,  is 
placed  in  the  primary  circuit  of  a  transformer,  whose 
secondary  circuit,  c,  is  connected,  as  shown,  across 
the  terminals  of  the  spark  gap,  and  in  series  with  an 
inductive  resistance,  ^.      It  will  be  observed  that 
the  outside  and  inside  cwiductors,  A,  A',  are  con- 
nected with  the  terminals  of  this  circuit.      Under 
"^^E    these  circumstances,  the  rate  of  vibration  of  the 
l"^liSSt.  transmitting  apparatus  can  be  varied,  so  that  it  can 
be  made  to  have  a  definite  rate  of  vibration,  such  as 
shall  possibly  be  possessed  by  no  other  transmitting 
instrument. 


Fio.  iSi. — Marconi  Sjatooic  Tniwaiittliit  and  Re 


Various  forms  of  syntonized  receivers  are  also 
employed.  The  form  represented  on  the  ri^t-hand 
side  of  Fig.  i8i  is  so  arranged  as  readily  to  vary 
the  inductance  of  the  vertical  wire,  A,  by  the  use 
of  the  sliding  wire  represented.  Here  the  ctrfierer 
is  placed  in  the  circuit  of  the  secondary,  ;"*,  of  the 
transformer,  and  in  parallel  with  an  adjustable  con- 
denser, h.  The  free  ends  of  the  secondary  circuit 
are  connected  with  the  terminals,  y,  so  arranged  that 
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any  desired  inductance  and  capacity  can  be  readily 
introduced. 

It  is  an  interesting  fact  that,  in  some  of  his 
early  experiments,  Marconi  nearly  failed  from 
a  lack  of  proper  tuning  between  the  transmitting 
and  the  receiving  instruments.  During  some  ex- 
periments tried  in  May,  1897,  across  a  part  of 
the  Bristol  Channel,  the  instruments  failed  utterly 
to  respond  for  several  days,  and  it»  looked  as  if  Almost 
the  system  was  worthless.  At  last,  when  the  ex- St"** 
perimenter  was  nearly  ready  to  abandon  his  investi- 
gations, the  receiving  apparatus  was  taken  from  the 
top  of  the  cliff,  on  which  it  had  previously  been 
placed,  to  the  bottom,  and  connected  by  an  addi- 
tional length  of  wire  of  20  yards,  thus  making  in  all 
50  yards  of  vertical  wire.  The  results  were  magical. 
Instantly  the  receiving  instrument  began  to  record, 
and  signals  came  in  a  clear  and  intelligent  manner. 
The  addition  of  a  few  yards  apparently  tuned  both 
instruments.  Professor  Slaby,  of  Charlottensburg, 
who  assisted  in  these  experiments,  thus  remarks 
concerning  this  incident : 

"It  will  be  for  me,"  he  says,  "an  ineffaceable  rec- 
ollection. Five  of  us  stood  round  the  apparatus  in 
a  wooden  shed  as  a  shelter  from  the  gale,  with  eyes 
and  ears  directed  toward  the  instruments  with  an 
attention  which  was  almost  painful,  and  waited  for  chari<2- 
the  hoisting  of  a  flag,  which  was  the  signal  that  all 
was  ready.  Instantaneously  we  heard  the  first  tic 
tac,  tic  tac,  and  saw  the  Morse  instrument  print  the 
signals  which  came  to  us  silently  and  invisibly  from 
the  island  rock,  whose  contour  was  scarcely  visible 
to  the  naked  eye^-came  to  us  dancing  on  that  un- 
known and  mysterious  agent,  the  ether !" 

The  transmitting  and  receiving  apparatus  em- 
ployed in  these  experiments  are  represented  in  Fig. 
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Marconi's 
transmit- 
ting and 
receiving 
instrument. 


t82.  They  are  practically  the  same  as  those  already 
represented.  The  signals  are  sent  into  the  line  by 
means  of  the  key,  K.  These  currents  induced  cur- 
rents in  the  secondary  wire,  B,  of  the  Ruhmkorflf 
coil,  so  that  spark  discharges  were  sent  between  the 
balls  I,  2,  and  3,  and  at  x,  out  into  the  surrounding 
space.     These  waves,  reaching  y,  were  carried  by  the 


A 
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Fio.  182. — Transmitting  tad 


Instrumenti  of  Marconi. 


conducting  wire  to  the  coherer,  N,  thus  permitting 
the  local  battery,  P,  to  close  the  relay,  R,  which  in- 
troduces the  battery,  Q,  connected  with  the  record- 
ing instrument. 

Much  has  been  done  in  order  to  prevent  wireless 
messages  from  being  intercepted,  but  even  if  this 
oould  not  be  accomplished,  Ac  system  of  wireless 
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telegraphy  would  undoubtedly  prove  of  great  value 
to  the  world.     So  much,  however,  has  already  been  wJJSl^' 
done,  that  there  would  appear  to  be  no  reason  for  JJfSu^^ 
believing  that  improvements  will  not  be  made  in  the  SSjiS^ 
art,  that  wireless  messages,  when  so  desired,  can  be  **p^**** 
transmitted  with  absolute  secrecy. 

Marconi  had  so  far  improved  his  system  that,  on 
the  27th  of  March,  1899,  he  had  established  wireless 
telegraphic  communication  between  England  and 
France,  between  a  transmitting  station  at  South 
Foreland,  on  the  English  side  of  the  Channel,  and 
a  station  near  Boulogne.  He  employed  for  this  pur- 
pose a  ten-inch  induction  coil,  by  means  of  which  wireicw 
he  caused  sparks  to  pass  through  a  spark  gap  of  f^SS^ 
about  }i  of  an  inch  in  length.  The  pole  supporting  chaMcL 
the  elevated  antennae,  or  air  wires,  was  150  feet  high. 
The  messages  were  transmitted  at  the  rate  of  about 
15  words  a  minute.  Naturally,  these  experiments 
attracted  considerable  attention,  and  were  very  fa- 
vorably received  both  by  the  scientific  and  the  com- 
mercial world.  J.  A.  Fleming,  the  well-known  elec- 
trician of  the  University  College,  London,  wrote  a 
letter  to  the  Editor  of  the  London  "Times,"  on  April 
3,  1899,  from  which  we  take  the  following  interest- 
ing abstract : 

"During  the  last  few  days  I  have  been  permitted 
to  make  a  close  examination  of  the  apparatus  and 
methods  being  employed  by  Signor  Marconi  in  his 
remarkable  tel^raphic  experiments  between  South  Fleming  oo 
Foreland  and  Boulogne,  and  at  the  South  Foreland  remits.  * 
lighthouse  have  been  allowed  by  the  inventor  to 
make  experiments  and  transmit  messages  from  the 
station  there  established  both  to  France  and  to  the 
lightship  on  the  Goodwin  Sands,  which  is  equipped 
for  sending  and  receiving  ether  wave  signals. 
Throughout  the  period  of  my  visit,  messages,  sig- 
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nals,  congratulations,  and  jokes  were  freely  ex* 
changed  between  the  operators  sitting  on  either  side 
of  the  Channel,  and  automatically  printed  down  in 
telegrai^ic  code  signals  on  the  ordinary  paper  slip 
at  the  rate  of  twelve  to  eighteen  words  a  minute. 
Not  once  was  there  the  slightest  difficulty  or  delay  in 
obtaining  an  instant  reply  to  a  signal  sent.  No  fa- 
feS^of  miliarity  with  the  subject  removes  the  feeling  of 
furprSe.  y^gue  wouder  with  which  one  sees  a  telegraphic 
instrument,  merely  connected  with  a  length  of  150 
feet  "of  copper  wire,  run  up  the  side  of  a  flagstaff , 
begin  to  draw  its  message  out  of  space  and  print 
down  in  dot  and  dash  on  the  paper  tape  the  intelli- 
gence ferried  across  thirty  miles  of  water  by  the 
mysterious  ether.  ... 

"I  can  not  help  thinking  that  the  time  has  arrived 
for  a  little  more  generous  appreciation  by  his  scien- 
tific contemporaries  of  the  fact  that  Signor  Marconi 
has  by  minute  attention  to  detail,  and  by  the  impor- 
tant addition  of  the  long  vertical  air  wire,  translated 
Simplicity  one  method  of  space  telegraphy  out  of  the  region  of 
tde^wl:  uncertain  delicate  laboratory  experiments  and  placed 
apparatus.  -^  ^^  ^j^^  same  footiug  as  r^^rds  certainty  of  action 

and  ease  of  manipulation,  so  far  as  the  present  re- 
sults show,  as  any  of  the  other  methods  of  electric 
communication  employing  a  continuous  wire  be^ 
tween  the  two  places.  This  is  no  small  achievement. 
The  apparatus,  moreover,  is  ridiculously  simple  and 
not  costly.  With  the  exception  of  the  flagstaflF  and 
150  feet  of  vertical  wire  at  each  end,  he  can  place  on 
a  small  kitchen  table  the  appliances,  costing  not  more 
than  f  100  in  all,  for  communicating  across  thirty 
or  even  a  hundred  miles  of  channel.  ... 

"In  the  presence  of  the  enormous  practical  impor- 
tance of  this  feat  alone,  and  of  the  certainty  with 
which  communication  can  now  be  established  be- 
tween ship  and  shore  without  costly  cable  or  wire. 
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the  scientific  criticisms  which  have  been  launched 
by  other  inventors  against  Signor  Marconi's  meth- 
ods have  failed  altogether  in  their  appreciation  of 
the  practical  significance  of  the  results  he  has  brought 
about. 

"The  public,  however,  are  not  in  the  least  interested 
in  learning  the  exact  meed  of  merit  to  be  apportioned 
to  various  investigators  in  the  upbuilding  of  this  re- 
sult. They  do,  however,  want  to  know  whether  the 
new  method  of  communication  across  the  Channel, 
established  by  the  expenditure  of  a  few  hundred 
pounds,  will  take  the  place  to  any  considerable  ex- 
tent of  submarine  cables  which  have  cost  many  thou- 
sands of  pounds  to  lay  and  equip.  They  do  also  de- 
sire to  learn  what  reasons,  if  any,  will  prevent  every 
lighthouse  and  lightship  round  our  coasts  from  being 
forthwith  furnished  with  the  necessary  apparatus  cspecuiiy 
for  placing  it  in  instantaneous  and  secure  connection  lEc^pSiic. 
with  the  mainland.  They  also  hope  to  hear  that  the 
methods  can  be  applied  to  enable  ships  to  be  able  in 
addition  to  communicate  instantly,  in  case  of  need, 
with  shore  stations.  To  understand  how  far  these 
things  can  be  done,  and  to  appreciate  the  necessary 
or  present  limitations  of  the  method,  it  is  requisite 
to  explain  that  each  vertical  wire  or  rod  connected 
to  a  Marconi  receiving  or  sending  apparatus  has  a 
certain  'sphere  of  influence.'  Signor  Marconi  has 
proved  by  experiment  up  to  certain  limits  that  the 
distance  to  which  effective  signalling  extends  varies 
as  the  square  of  the  height  of  the  rod.  A  wire  20 
feet  high  carries  the  effective  signal  one  mile,  40  feet 
high  four  miles,  80  feet  high  sixteen  miles,  and  so 
on.  Up  to  the  present  time  he  has  not  yet  discov- 
ered any  method  of  shielding  any  particular  rod  so 
as  to  render  it  responsive  only  to  signals  coming 
from  one  station,  and  not  from  all  others  within  its 
sphere  of  influence.     In  spite,  however,  of  what  has 
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been  said,  there  is  no  inherent  impossibility  in  at- 
taining this  desired  result.  At  present  all  signals 
sent  from  the  South  Foreland  to  France  affect  the 
receiver  on  board  the  Goodwin  lightship.  But  this 
offers  no  difficulty.  In  an  ordinary  electric-bell  sys- 
tem in  a  hotel,  the  servant  recognizes  the  room  from 
which  the  signal  comes  by  means  of  a  simple  appara- 
tus called  an  indicator,  and  a  very  similar  arrange- 
ment can  be  applied  to  distinguish  the  origin  of  an 
JJ^fJS*  ether  wave  signal  when  several  instruments  are  at 
tSkn  Snc  work  in  a  common  region.  Subsequent  inventions, 
coherer.  ^^  ^^^^  perhaps,  the  promulgation  of  some  necessary 
Board  of  Trade  regulations  for  the  use  of  the  ether, 
will  prevent  official  ether-wave  receivers  from  being 
disturbed  by  vagrant  electric  waves  sent  out  by  un- 
authorized persons  in  their  neighborhood.  The  prac- 
tical upshot,  however,  of  the  matter  is  that  at  pres- 
ent if  more  than  two  stations  are  not  established 
within  certain  r^ions,  these  stations,  pair  and  pair, 
can  communicate  with  each  other  freely  and  regu- 
larly by  means  of  ether-wave  signals  sent  out  and 
received  by  long  vertical  rods  or  wires.  No  state 
of  the  atmosphere,  and  neither  darkness  nor  storm, 
interrupts,  so  far  as  yet  found,  the  freedom  of  com- 
munication." . 

During  a  lecture  by  Marconi  on  June  13,  1902, 
he  gave  the  following  as  his  opinion : 

"That  he  was  not  at  all  prepared  to  say,  that  un- 
der no  possible  circumstances  could  a  wireless  mes- 
sage transmitted  between  syntonic  instruments  be 
on*5J?  po*.  tapped  or  interfered  with,  but  he  wished  to  point  out 
interceix-    that  it  IS  now  possiWe  to  work  a  considerable  number 
d^tch^of  wireless  telegraph  stations  simultaneously  in  the 
vicinity  of  each  other  without  the  messages  suffering 
from  any  interference.      Of  course,  if  a  powerful 
transmitter,  giving  off  waves  of  different  f requendes, 
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is  actuated  near  one  of  the  receiving  stations,  it  may 
prevent  the  reception  of  messages,  but  the  ordinary 
systems  of  communication  through  wires  may  be 
likewise  affected." 

On  December  12,  1901,  the  scientific  world  was 
greatly  surprised  by  an  announcement  that  Marconi 
had  succeeded  in  transmitting  a  single  character, 
viz.,  the  letter  s,  of  the  Morse  alphabet,  which,  it 
will  be  remembered,  consists  of  three  successive  dots, 
across  the  Atlantic  from  Poldhu,  Cornwall,  to  St. 
John,  Nova  Scotia,     Those  who  had  not  been  fol- 


t  Glaoe  Bay,  C^e 

lowing  the  progress  of  wireless  telegraphy,  believed 
the  announcement  to  be  a  hoax,  but  the  probability 
of  the  matter  was  generally  accepted  by  scientific 
men,  and,  indeed,  the  American  Institute  of  Elec- 
trical Engineers  tendered  a  banquet  to  Marconi  for 
his  successful  experiment.     It  is  an  interesting  fact 
that  about  one  year  after  this  date  Marconi  suc- 
ceeded in  sending  across  the  Atlantic  messages  in  twum- 
bcth  directions.      The  antennas  or  elevated  wires  "i™!^ 
were  arranged  at  Glace  Bay,  Cape  Breton,  m  the*"'- 
manner  represented  in  Fig,  183.     The  New  York 
"Electrical  World  and  Engineer,"  of  December  27, 
1902,  thus  refers  to  this  matter : 
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"On  Sunday,  December  2 1 ,  the  following  despatch 
from  Mr.  Marconi,  dated  Glace  Bay,  N.  S.,  Decem- 
ber 21,  was  received  at  the  office  of  the  Associated 
Press  in  this  city : 

"  'I  beg  to  inform  you  for  circulation  that  I  have 
established  wireless  teleg^raph  communication  be- 
tween Cape  Breton,  Canada,  and  Cornwall,  England, 
with  complete  success. 

"  'Inauguratory  messages,  including  one  from  the 

Governor-General  of  Canada  to  King  Edward  VII, 

Marcooi     have  already  been  transmitted  and  forwarded  to  the 

luiSrtic      Kings  of  England  and  Italy.      A  message  to  the 

topitohes.  London  "Times'  has  also  been  transmitted  in  the 

presence  of  its  special  correspondent.  Dr.  Parkin, 

M.P.' — G.  Marconi. 

"At  the  same  time,  on  Monday,  in  London,  the 
'Times'  announced  that  it  had  received  by  post  from 
Poldhu,  Signor  Marconi's  receiving  station  in  Corn- 
wall, the  following  message,  sent  by  wireless  teleg- 
raphy, from  the  'Times' '  special  correspondent  at 
Glace  Bay: 

"'Being  present  at  its  transmission  in  Signor 
Marconi's  Canadian  station,  I  have  the  honor  to 
send,  through  the  "Times,"  the  inventor's  first  wire- 
less transatlantic  message  of  greeting  to  England 
and  Italy.' 

"Mr.  Marconi  also  notified  Lord  Minto,  Governor- 
General  of  Canada,  of  the  achievement,  and  received 
the  following  acknowledgment  by  telegraph  from 
Ottawa : 

"  'Delighted  at  your  message  just  received. 
Warmest  congratulations  on  your  splendid  suc- 
cess.'— Minto." 

Besides  the  systems  of  wireless  telegraphy  of  Po- 
poff  and  Marconi,  to  whom  we  have  alluded,  there 
are  many  others ;  for  example,  those  of  Prof.  R.  A. 
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Fessenden ;  the  Braun-Siemens  and  Halske  System ; 
the  Slaby-Arco  and  Braun  German  System ;  the  De  SlJcfess 
Forest  System ;  the  Ducretet  and  Rochef ort  systems  sjSlmi!*^'' 
in  France;  all  of  whom  have  successfully  transmit- 
ted wireless  despatches  over  considerable  distances. 
None  of  them,  however,  has  yet  reached  the  space- 
covered  by  Marconi  in  his  system. 

It  will  be  interesting  to  note  that  the  various  sys- 
tems of  wireless  telegraphy  have  been  now  so  gen- 
erally introduced  on  board  ships  and  at  various  ports 
of  the  world,  that  it  is  possible  for  a  passenger  on  a 
transatlantic,  or  other  steamer,  to  learn  of  impor- telegraphy 
tant  events  that  Rave  occurred  while  he  is  on  suchi^on 
vessel.     It  was  only  recently  that  there  was  pub-atiantu: 
lished  the  first  newspaper  on  such  a  steamer.     We  **" 
allude  to  the  Cunarder,  the  Etruria,  that  published, 
on  Saturday,  February  7,  1903,  news  which  was  re- 
ceived from  the  coast  of  Ireland,,  from  the  Marconi 
wireless  telegraphic  station  some  70  miles  distant. 
It  will  be  interesting  to  quote  the  first  paragraph 
from  this  paper  as  an  evidence  of  what  can  be  done 
in  this  direction : 

"Steamship  'Etruria,'  February  7,  1903. 

"Latest  News  Per  Reuter's  Agency,  via  Mar- 
coni Wireless  Telegraphy. 

"Venezuela  question   still   imsettled.      Negotia-  wireless 

..  J.  .  .  1  !_•   1^  X.    telegraphic 

tions  discussmg  various  proposals,  which  appear  sat-  newspaper 
isfactory  to  either  party,  meanwhile  blockade  con- 
tinues.    Castro  inflicted  another  severe  defeat  on 
revoluticMiists." 

It    is    interesting    to    note    that    the  wireless 
telegraphic  system  has  been  adopted  by  the  United  telegraphy 
States    Signal    Service,    for   use   in   the   Alaskan  JuyM?^ 
waters  and  coast  defence,  as  well  as  by  the  United 
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States  Navy  for  use  on  their  men-of-war.  It  has 
also  been  adopted  by  the  navies  of  foreign  govern- 
ments generally,  and  by  the  great  insurance  firm 
of  the  Lloyds,  who  control  some  40  land  stations 
along  the  coast  of  Great  Britain  and  Europe. 

The  receiving  apparatus  of  wireless  telegraphic 
systems  are  liable  to  be  temporarily  thrown  out  of 
use  by  atmospheric  electric  disturbances.  Various 
devices. have  been  proposed  to  avoid  such  disturb- 
ances. Quite  recently,  however,  the  study  of  elec- 
tric meteorology,  i.e.  the  study  of  the  electric  phe- 
JdreSL  nomena  of  the  atmosphere,  has  been  considerably 
i?e&?i5c'^  advanced  by  the  use  of  wireless  tel^raphic  methods. 
o^^.'  The  Popoff  System,  to  which  we  have  referred,  was 
at  first  arranged  so  as  to  register  lightning  flashes 
taking  place  in  distant  thunderstorms,  and  was  sub- 
sequently applied  to  the  transmission  and  reception 
of  wireless  messages.  For  the  purpose  of  register- 
ing lightning  flashes,  PopoflF  connected  one  end  of  a 
coherer  to  an  insulated  metallic  wire  placed  at  the 
top  of  a  tall  mast,  while  the  other  terminal  of  the 
coherer  was  put  to  earth.  At  every  lightning  flash, 
the  coherer  closed  the  circuit  of  a  battery,  and  re- 
corded the  flash  on  the  recorder  fillet. 

• 

By  placing  a  coherer  on  the  diaphragm  of  a  tele- 
phone. Professor  Tommasina,  in  1899,  contrived  the 
form  of  simple  apparatus,  which  he  called  an  electro- 
radiophone.  He  employed  this  apparatus  for  mak- 
radfophone  iug  obscrvatious  of  the  progress  of  distant  thunder- 
Tommasina  storms.  The  apparatus  required  only  a  single  cell 
of  a  dry  battery,  and  the  use  of  a  comparatively  short 
line  of  exterior  wires  or  antennae,  some  of  which 
could  be  placed  horizontally.  In  these  cases,  how- 
ever, care  was  necessary  to  be  taken  in  order  to  in- 
sulate the  ends  of  the  wires.     In  Fig.  184,  right 
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hand  side  of  figure,  a  is  the  telephone  coil,  and  h 
the  telephone  diaphragm,  while  /  is  the  filings  cavity 
of  the  coherer,  and  m  the  filings;  h  and  i  are  the 
coherer  electrodes,  and  r  and  s  the  telephone  ter- 
minals. The  receiving  antennae  consist  of  some 
three  copper  wires,  connected  through  /  and  k,  with 
a  single  dry  cell,  i,  placed  in  the  circuit,  as  repre- 
sented at  the  left-hand  side  of  the  figure. 


FiQ.    184.— Tommuina't    Electro-radiopbonc. 

Tommasina  thus  describes  some  of  the  curious 
effects  produced  by  the  employment  of  this  inter- 
esting form  of  instrument ; 

"On  September  29,  1900,  exactly  at  midday,  the 
weather  was  very  fine,  but  the  electro-radiophone  i' 
the  morning  continued  to  indicate  by  various  sounds  cuHoq 
and  distinct  shocks  that  discharges  were  certainly  ™ned  Sv 
occurring  at  great  distances.  Toward  two  o'clock 
the  sounds  became  more  and  more  energetic.  Some 
resembled  strong  and  prolonged  thunderclaps  at  fre- 
quent intervals. 

"Finally,  the  intervals  between  the  signals  became 
shorter,  and  at  half-past  three  o'clock  the  sounds 
were  incessant.  The  lightning  at  this  time  became 
visible  and  large  clouds  commenced  to  form;  no 
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thunder,  however,  was  yet  heard,  but  in  the  tele- 
phone the  noise  became  progressively  more  intense. 
Suddenly  it  was  modified,  and  a  sharp  and  continu- 
ous crackling  was  heard.  Some  instants  later  the 
rain  commenced  to  fall,  and  at  the  same  time  the  first 
stroke  of  thunder  was  heard.  I  scarcely  had  time  to 
f  JtfSf^'  disconnect  the  apparatus  when  a  storm  of  extraordi- 
£(J?oe7  nary  force  burst  forth.  The  streets  were  filled  with 
water,  lightning  occurred  without  interruption,  and 
several  strokes  took  effect  in  the  vicinity.  Later  I 
could  hear  in  my  apparatus  the  last  discharges  at  a 
great  distance.". 


IV 

ELECTRO-MAGNETIC 
ANNUNCIATORS    AND    ALARMS 

CHAPTER  XXIV 

ELECTRO-MAGNETIC    BELLS 

"Switches  are  required  in  electric  bell  work,  either  for 
breaking  and  making  a  circuit,  or  for  transferring  pushes  and 
contacts  from  one  circuit  to  another." — Practical  Electric  Bell 
Fitting":  Allsop 

THE  rapidity  with  which  an  electro-magnet, 
whose  core  is  made  of  very  soft  iron,  is  able 
to  acquire  and  lose  its  magnetism,  renders 
it  of  great  value  in  signal  apparatus.     As  we  have  ^^^^^  ^^ 
already  seen,  use  has  been  made  of  this  valuable  «»«ctro- 

■^  maf  nets 

property  both  in  the  case  of  the  electro-magfnetic  re- »«  «gnai 

r      r        J  ^  — o  apparatus. 

lay  and  m  the  Morse  sounder  and  recording  appa- 
ratus. Electro-magnets  enter  largely  into  the' con- 
struction of  bells,  annunciators  and  alarms  generally. 

The  simplest  form  of  electro-magnetic  bell  is  what 
is  called  the  single-stroke  bell.     In  this  bell,  as  the 
current  passes  through  the  coils  of  the  electro-mag- 
net, the  armature  is  attracted,  and  the  striking  lever 
gives  the  bell  a  sharp  blow,  thus  sounding  it.     As 
long  as  the  current  passes  through  the  coils  of  the 
electro-magnet,  the  armature  will  remain  attracted,  single, 
but  when  the  current  ceases  to  pass  the  armature  5™^. 
will  be  released  and  drawn  back  to  its  original  posi-  £fiP*^*' 
tion  by  means  of  a  spring.     In  other  words,  the 
bell  will  give  a  single  stroke  every  time  the  circuit  is 

completed.     Bells  of  this  type  can  be  employed  for 

(427) 
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a  variety  of  purposes  not  only  for  calls,  but  also 
for  sending  a  predetermined  code  of  signals  by  em- 
ploying certain  combinations  of  strokes  and  inter- 
vals betwen  the  strokes  for  agreed-on  signals.  A 
single-stroke  bell  is  shown  in  Fig.  185.  Here  the 
coils  £  E  of  the  electro-magnet  are  connected  with 


Pio.  18s. — Singte-alroke  Ekctra-augiwtiG  BclL 

the  circuit  of  a  push-button  and  a  voltaic  battery. 

The  armature  A  is  suspended  from  a  stiff  spring 

in  the  manner  shown  in  the  figure.     The  striking 

lever  is  attached  to  the  lower  end  of  this  armature, 

itnic-    '^"^  '^  provided  with  a  hammer  m.     In  order  to  pre- 

1^       vent  the  spring  from  moving  the  armature  too  far 

lebcit.  back  on  the  cessation  of  the  magnetizing  current,  a 

stop-screw  is  placed  at  b,  as  shown  in  the  figure. 

Sometimes  a  single-stroke  bell  is  arranged  so  that 
two  different  bells  producing  different  sounds  can 
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be  struck  alternately.     In  this  case,  the  electro-mag- 
netic mechanism  is  placed  between  the  two  bells,  as  ^Ij^^ 
indicated  in  Fig,  i86.     Such  a  bell  is  called  a  bi- 
gong  or  double  bell. 


Most  electric  bells,  however,  belong  to  the  trem- 
bling or  vibrating  types,  and  are  so  arranged  that  as 
long  as  the  circuit  remains  closed  by  the  distant  "TibraUi* 
push-button  being  maintained  against  its  contact,  ^gntiG 
the  bell   will   continue  ringing.      The   mechanism 


Fio.   1S7.— Vibiatini  or  Trembting  Bell. 

whereby  the  sounding  is  continued  as  long  as  the 
current  passes  through  the  coils  of  the  electro-mag- 
nets, is  by  the  well-known  automatic  contact-breaker 
before  alluded  to.  A  trembling  or  vibrating  bell  is 
shown  in  Fig.  187.    Here  the  electro-magnets  M  M 
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are  connected  as  shown  with  the  circuit  of  a  voltaic 
battery  and  a  push-button,  by  wires  or  conductors  h 
and  c.  It  will  be  observed  that  b  is  connected  to 
one  end  of  the  magnetizing  coils  through  A  and  B, 
while  the  other  end  is  connected  through  the  spring 
r.  When  the  circuit  is  closed  by  pressing  the  push- 
button, the  ctu"rent  passing  through  the  coils  M,M, 
through  the  wire  h  and  post  C,  and  thence  through 
the  spring  r  and  the  post  E,  is  completed.  Imme- 
^/fhT***"  diately,  however,  the  electro-magnet  attracts  its  ar- 
vibiatmg  mature,  and  thus  breaks  the  circuit  by  separating  the 
armature  from  the  contact  with  e.  The  magnetism 
at  once  disappears  from  the  electro-magnet,  and  the 
armature  is  released,  and  is  moved  back  by  the  ac- 
tion of  the  spring  on  which  it  is  supported.  This 
again  establishes  the  current,  and  permits  the  arma- 
ture to  be  again  attracted.  There  will  thus  be  pro- 
duced a  rapidly  vibrating  movement  of  the  armature, 
which  will  be  continued  as  long  as  the  current  is 
maintained. 

Any  vibrating  or  automatic  bell  can  be  readily 
converted  into  a  single-stroke  bell  in  the  manner 
represented  in  Fig.  i88,  from  Prescott.  Here  the 
connections  with  the  circuit  of  the  battery  and 
the  push-button  are  represented  at  A  and  S,  which 
changing  are  shown  in  the  figure  as  the  positive  and  the 
bciHnto^  negative  terminals  of  the  battery,  although  it 
■troke'beii.  is  a  matter  of  indifference  which  pole  of  the  bat- 
tery is  placed  at  A  and  S.  When  the  switch  S 
is  connected  with  the  contact  E,  the  bell  will 
sound  continuously,  since,  as  soon  as  the  current 
passes  through  the  coils  of  the  electro-magnet,  the 
armature  of  soft  iron,  e,  will  be  attracted,  and  will 
thus  break  the  contact  between  the  armature  and  r. 
Instantly,  the  spring  moves  the  armature  e  again 
into  contact  with  r,  thus  permitting  the  electro-mag- 


ELBCTRO-MAGNBTIC   BSLLS 


431 


net  again  to  attract  the  armature.  In  this  manner, 
a  rapid  automatic  vibratory  motion  of  the  armature 
will  take  place  as  long  as  the  switch  remains  in  con- 


FiG.  x88. — ^How  a  Vibrating  or  Trembling  Bell  may  be  Changed  into  a 

Single-stroke  Bell. 

tact  with  E.  If,  however,  the  switch  S  is  brought 
into  contact  with  B,  then  the  bell  becomes  a  single- 
stroke  bell,  and  will  give  a  single  stroke  only  every 
time  the  contact  is  completed. 

The  first  automatic  make-and-break  bell  was  in- 


The  first 


vented  by  Dr.  Werner  Siemens,  of  Berlin,  for  use  in  ^^^, 
his  step-by-step  telegraph.     The  form  this  took  ist>«*k- 


Fig.  189. — ^Werner  Siemens  Automatic  Make-and-Break. 

represented  in  Fig.  189.  An  inspection  of  the  figure 
will  show  that  the  operation  is  exactly  the  same  as 
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in  the  vibrating  bells  already  described.  The  elec- 
tro-magnet coils  E  E  are  placed  in  the  circuit  of  the 
voltaic  cell  V.  The  armature  AA,  of  the  magnet, 
is  supported  as  shown  on  the  pivot  B,  and  by  the 
spring  S.  The  circuit  is  completed  at  the  end  of  the 
armature  by  contacts  at  C.  As  soon  as  the  current 
passes  through  E  E,  the  attraction  of  the  armature 
breaks  the  circuit,  while  the  action  of  the  spring  S 
immediately  completes  it  again,  thus  alternately 
breaking  and  making  the  circuit  as  long  as  the  cell 
V  continues  to  send  current  into  the  coils  E  E,  on  the 
opening  of  the  circuit.  Siemens  employed  this  auto- 
matic break  and  make  by  causing  the  to-and-fro 
movements  of  the  armature  to  move  an  escapement, 
so  that  the  scape-wheel  e,  Fig.  190,  carrying  a  light 
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Fig.  190. — ^Werner  Siemens  Step-by-Step  Telegraph. 

pointer  p,  is  moved  around  the  circumference  of  the 
dial  D.  As  long  as  the  armature  of  the  electro- 
magnet moves  to-and-fro,  the  pointer  will  be  moved 
step-by-step  over  the  face  of  the  dial.  By  sending  a 
suitable  number  of  impulses  into  the  line.  Wheat- 
stone  was  able  to  telegraph  signals  by  noting  where 
the  index  stopped  at  the  distant  dial  D'. 

A  form  of  vibrating  or  trembling  bell  called  the 
buzzer,  differs  only  in  the  fact  that  the  strokes  of  the 
m^euc    bell  are  much  less  pronounced.     This  is  desirable 
buzxer.      j^  locations  where  a  loud-ringing  bell  would  be  ob- 
jectionable, as  in  the  case  of  private  offices,  where  a 
buzzer  is  employed  to  call  one  to  the  telephone.    In 
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such  cases,  in  order  to  increase  the  faint  sound  of  the 
buzzing,  the  bell  mechanism  is  enclosed  in  a  wooden 
or  metallic  case,  for  the  purpose  of  strengthening 
the  sounds  by  resonance.  A  form  of  electric  buzzer 
is  shown  in  Fig.  191. 


Pio.    191. — Electro- 


In  the  electro-mechanical  gong  or  bell,  the  bell 
is  given,  a  powerful  stroke  by  means  of  any  suitable  m 
mechanical  mechanism  that  is  thrown  into  action  by" 


-o-mechanicsl  Cons. 


the  movements  of  the  armature  of  an  electro-mag- 
net. In  the  form  of  electro-mechanical  gong  repre- 
sented in  Fig.  192,  when  the  hammer  is  released  by 
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the  action  of  an  electro-magnet,  it  makes  a  full 
revolution,  passing  under  the  gong  and  passing  up 
an  inclined  plane,  by  means  of  which  it  is  raised,  so 


Fio.  193. — Church  Bell  Striker. 


that  when  it  has  completed  its  revolution  it  strikes 
the  gong  with  the  full  speed  it  has  gained  during 
this  revolution.  The  locking  and  releasing,  effected 
by  means  of  an  eccentric,  is  obtained  by  means  of  a 


SLEOTRO-MAONETIO  BELLS  486 

positive  motion,  which  relieves  the  armature  from 
pressure  or  strain,  so  as  to  permit  a  comparatively 
weak  current  to  operate  the  electro-magnet. 

A  church  or  fire  bell  striker,  operated  on  similar 
principles,  is  repfesented  in  Fig.  193.  The  striking  fiJS'b^n** 
mechanism  is  released  by  the  attraction  of  the*^"^^'^* 
armature  of  an  electro-magnet.  The  force  of  the 
blow  is  determined  by  means  of  weights  hung  on 
the  striking  lever  or  drum.  When  the  electro- 
magnet releases  the  weight  attached  to  the  drum, 
it  causes  it  to  make  a  part  of  a  revolution,  and  thus 
move  the  striking  lever.  The  striking  actions  are 
such  as  permit  operation  either  by  the  action  of  an 
open  or  closed  electric  circuit. 

It  is  sometimes  desirable  that,  when  the  trembling 
or  vibrating  bell  is  set  into  motion,  it  may  continue 
ringing  at  the  distant  point  no  matter  whether  the 
contact  is  continued  at  the  push-button,  or  other 
point  where  the  contact  is  established,  or  not.  Such 
an  arrangement  would  be  desirable  in  the  case  of  a 
burglar  or  fire  alarm,  when  the  contact  had  once  been  cootinii- 
momentarily  closed.  In  such  a  case,  the  arrangement  Sgbeif 
is  called  a  continuous-ringing  bell,  in  order  to  distin- 
guish it  from  a  trembling  or  vibrating  bell.  A  va- 
riety of  continuous-ringing  bells  have  been  devised. 
One  of  these  is  shown  in  Fig.  194.  Here  there  are 
three  separate  binding  posts  or  contacts  provided. 
That  marked  C  is  intended  for  connection  with  the 
carbon  pole  of  the  battery,  while  that  marked  L  is  for 
connection  with  the  line  wire.  Z  is  provided  for 
connection  with  a  shunt  or  branch  wire  connected 
with  the  zinc  pole  of  the  battery.  As  soon  as  the  cur- 
rent flows  through  the  coils  of  the  electro-magnet,  on 
the  completion  of  the  circuit  at  the  push-button  or 
Other  contact,  the  armature  is  attracted,  and  thus 
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Action 
of  oon- 
tinuous- 
ringing 

bell. 


permits  a  lever  contact  or  dropping  arrangement, 
represented  at  the  lower  right-hand  side  of  the  fig- 
ure, to  fall,  thus  putting  the  battery  in  connection 
with  the  bell,  irrespective  of  the  distant  push-button 
or  contact.  The  bell,  therefore,  will  continue  ring- 
ing until  the  lever  is  replaced  either  by  pulling  the 
cord  represented  at  the  right-hand  side  of  the  figure, 
or  in  any  other  way. 


Fig.  194* — Continuous-ringing  BelL 


Continu- 
ous-ring- 


The  form  of  continuous-ringing  bell  above  de- 
scribed is  not  found  to  be  entirely  satisfactory  in 
actual  use,  and  is  generally  replaced  by  the  form  of 
continuous-ringing  bell  known  as  the  relay  bell,  rep- 
resented in  Fig.  195.  Here  Z,  L,  and  C,  as  before, 
represent  respectively  the  connection  for  the  zinc, 
line,  and  carbon  of  the  battery.  On  the  completion 
of  the  current  by  the  closing  of  the  distant  push  or 
contact,  the  circuit  is  completed  by  entering  at  L, 
passing  through  the  coils  of  the  relay  magnet  r,  and 
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out  at  Z.  On  the  attraction  of  the  armature  of  the 
relay  r,  the  lever  g  is  released,  which  then  falls  and 
makes  contact  with  n.  The  current  now  flows 
from  C  through  the  coils  of  the  bell  magnet  b,  and 
the  bell  continues  to  ring  until  the  lever  g  is  reset 
by  any  suitable  means.  Arrangements  have  been 
devised  whereby  it  is  possible  to  reset  the  lever  at  a 
distance  by  the  action  of  an  electric  impulse. 


Sometimes,  instead  of  maintaining  a  continuous 
ringing  of  the  bell  by  means  of  the  same  battery  cir- 
cuit as  that  employed  to  start  it  ringing,  an  inde- 
pendent or  local  circuit  is  introduced  by  the  action 
of  a  momentary  impulse  sent  over  the  line.  A  form 
of  bell  of  this  type,  provided  with  a  ctMitinuous-ring- 
ing  attachment,  is  represented  in  Fig.  196,  where  i 
and  2,  and  3  and  4,  are  respectively  the  contacts  for 
the  distant  battery  and  for  the  local  battery.      On 


jngaliacb- 
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the  passage  of  the  current  from  the  distant  battery 
through  the  coils  of  the  electro-magnet,  a,  a,  the  at- 
traction of  the  armature,  c,  releases  the  lever.  A,  by 
the  movement  of  g,  away  from  it.  h  now  falls,  and 
brings  a  contact,  I,  into  connection  with  a  corre- 
sponding contact  on  a  spring,  m,  connected  throu^ 


(o).    (0)2    (o)»    (o). 


Pio.   196.— Canlmiiou9  Binging  of  Bell  by  Local  Circait. 

n,  with  the  contact,  3,  of  the  local  battery,  thus 
bringing  into  contact  the  local  battery  connected 
with  3  and  4,  and  causing  the  bell  to  continuously 
sound  in  the  usual  manner.  A  push  at  p  is  provided 
at  the  bottom  of  the  apparatus  for  the  replacing  of 
the  lever  h.  The  advantage  of  mounting  the  con- 
tact, m,  on  the  spring,  instead  of  against  a  fixed 
support,  is  that  the  flexible  suppcMt  ensures  a  wiping 
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contact  between  /  and  m.  Such  a  contact  between 
the  surfaces  maintains  them  bright  and  free  from 
oxide,  which  would  be  apt,  otherwise,  to  collect,  if 
only  the  ordinary  dotting  contact  were  obtained, 
which  would  result  from  placing  the  contact  on  m, 
against  a  fixed  support. 

A  very  good  form  of  electric  bell,  employed  as  a 
call-bell  for  signals  in  telephony,  consists  of  the  po- 
larized bell  already  described  in  connection  with  b^j'^''**' 
telephone  calls.  This  bell,  as  we  have  seen,  is  suit- 
able for  operation  in  connection  with  the  current 
produced  by  magneto-electric  machines,  and  is  in 
extensive  use  in  connection  with  hand  generators  for 
such  purposes. 


The  circuit  connections  of  a  vibrating  bell,  where 
a  single  bell  only  is  to  be  employed,  are  very  simple. 
Here  a  single  voltaic  cell,  B,  Fig.  197,  is  connected 
to  the  circuit  of  the  push-button,  P,  and  to  the  bell  tiM^iSP 
mechanism,  in  the  manner  shown.     On  the  comple- St"' ceii, 
tion  of  the  circuit  by  pressing  the  button,  P,  and  button. 
causing  it  to  close  the  contact,  as  represented  at  the 
right-hand  side  of  the  figure,  the  bell  will  continue 
ringing  as  long  as  this  contact  is  maintained.     On 
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the  removal  of  the  finger,  a  spring  breaks  the  con- 
tact and  the  bell  stops  ringing. 

Of  coursie,  it  is  not  necessary  to  employ  a  metallic 
circuit,  since  the  ground  or  earth  can  be  employed 
for  the  return  circuit,  as  in  telegraphy.  An  excel- 
lent ground  can  be  obtained  by  making  use  of  a 
water  main  or  pipe.  In  doing  this,  however,  care 
must  be  taken  to  ensure  a  good  contact  between  the 
^SSSd  wire  and  the  water  pipe.  This  is  best  done  by  scrap- 
necessary.   jy^g  ^  p^j^  q£  ^^  water  pipe  clcau  with  a  knife,  and 

then  twisting  several  turns  of  bare  copper  wire 
around  the  pipe,  and  soldering  it.  It  will  be  nec- 
essary, however,  first  to  clean  the  wire  by  a  piece 
of  emery  paper.  Unless  a  good  ground  connection 
is  obtained,  much  difficulty  will  be  experienced  in 
operation,  from  the  high  resistance  at  an  imper- 
fect contact.  The  mere  wrapping  of  a  piece  of 
greasy  bare  wire  around  the  surface  of  a  dirty  pipe 
will  give  an  exceedingly  poor  contact,  and  one  which 
will  probably  cause  considerable  trouble. 

It  is  evident  that  various  means  can  be  employed 
for  closing  the  contact  of  an  electric  circuit,  and  so 
throwing  the  electric  bell  into  action.  All  that  is 
necessary  for  this  purpose  is  some  means  whereby 
two  parts  of  a  circuit,  that  are  separated  a  short  dis- 
tance from  each  other,  can  be  brought  into  contact 
Pushes       mechanically  or  otherwise,  and  in  addition  to  this, 

aod  pulls.  -         •'  .  ,  .  «         •       f         1 

means  for  separatmg  such  contact  either  by  hand  or 
automatically,  by  the  action  of  a  spring  or  weight. 
In  the  case  of  apparatus  similar  to  the  push-button, 
the  breaking  of  the  circuit  is  generally  obtained  by 
the  action  of  a  spring.  In  some  cases,  however,  in- 
stead of  closing  the  circuit  by  pushing  a  button,  it 
is  more  desirable  to  close  it  by  means  of  a  pull,  in 
this  case,  the  contact-making  device  taking  the  shape 
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of  an  ordinary  door-pull.  A  contact  of  this  latter 
type  is  called  a  "pull,"  in  order  to  distinguish  it  from 
the  ordinary  button  or  "push."  Sometimes,  however, 
the  contact,  instead  of  being  fixed  to  a  wall  or  other  ^^'^"^^ 
support,  is  suspended  by  a  contact  cord,  so  as  to  re- 
semble the  tassel  of  a  bell  cord.     It  is  then  called  a 


Fxo.  Z98. — Electric  Pull  for  Making  Contact 

"pressel."  A  form  of  pull  is  represented  in  Fig. 
198.  The  battery  terminals  are  connected  with  two 
metallic  springs,  a,  d,  by  binding  screws  at  h  and 
&'.  When  the  knob  is  pulled,  a  metal  collar  is 
drawn  in  between  the  springs,  a,  (f,  and  closes  the 
contact  by  bridging  the  interval  between  a  and  cf. 
On  releasing  the  pull,  a  spring  pushes  back  the  collar, 
and  thus  breaks  the  contact. 

Where  it  is  desired  to  be  able  to  ring  the  same 
bell  from  two  or  more  different  push-buttons  or^uS?*" 
other  contacts,  the  separate  pushes  or  contacts  must 


! 
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Fig.  199. — Push  Buttons  in  Parallel. 

be  connected  with  the  line  in  parallel,  in  the  manner 
shown  in  Fig.  199.  Such  a  connection  will  cause 
the  bell  to  ring  whether  one  or  both  pushes  are  in 
contact  with  the  line  wires  at  the  same  time. 

Where  it  is  desired  to  ring  two  or  more  bells  from 
the  same  push-button,  the  bells  may  be  placed  across 
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the  circuit  in  parallel,  in  the  same  manner  in  which 
2?S5ibdll  ij^ca^^descent  electric  lamps  are  placed  across  the 
p^bJbSuMi  lighting  mains.  Here,  since  the  current  divides  it- 
self into  two  or  more  parts,  according  to  the  number 
of  bells  employed,  it  is  generally  necessary  to  employ 
either  larger  cells,  or  to  connect  a 'number  of  sepa- 
rate voltaic  cells  in  parallel. 

Another  method  for  ringing  a  number  of  bells 
from  a  single  battery  is  to  connect  the  bells  to  the 
line  wire  in  series.  This  will  be  a  practicable  method 
where  the  bells  are  single-stroke  bells.  If,  however, 
^li!°  they  are  of  the  vibrating  or  continuous-ringing 
types,  they  will  not  be  found  to  work  satisfactorily, 
unless  the  bells  employed  are  especially  arranged  for 
such  purposes ;  viz.,  bells  which  operate  not  by  break- 
ing the  circuit,  but  by  shunting  it  around  the  mag- 
netizing coils.  With  such  an  arrangement,  no  mat- 
ter how  many  bells  there  may  be  in  series  on  the 
same  line,  the  circuit  will  never  be  broken.  This 
method,  however,  is  objectionable,  since  the  bells 
will  not  sotmd  as  loudly  as  bells  of  the  ordinary  type. 

Where  it  is  desired  to  ring  a  bell  at  a  considerable 
distance  without  employing  a  very  strong  battery, 
a  relay  is  employed,  which  throws  a  local  battery 
into  the  circuit,  and  so  rings  the  bell.     This  method 
is  similar  to  the  action  of  the  relay  in  electro-mag- 
uieoi       netic  telegraphy.     Where  relays  are  employed,  a 
rin^      number  of  bells  can  be  operated  by  causing  the  re- 
bSSf '       lays  to  close  the  circuit  of  local  batteries.    For  exam- 
ple, if  the  push-button,  P,  Fig.  200,  be  closed,  a  cur- 
rent will  flow  through  the  coils  of  the  relays,  R*, 
R^,  successively,  thence  returning  to  the  battery 
through  the  earth  plates,  E,  E.     These  relays,  clos- 
ing the  local  circuits  represented  in  the  figure,  will 
cause  the  bells,  B*,  and  B^,  to  ring.     If  such  bells  are 
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vibrating  bells,  they  will  continue  ringing  as  long 
as  the  contact  at  P  remains  closed.  If  they  are 
single-stroke  bells,  they  will  only  give  a  single  stroke 
for  each  closing  of  the  battery  circuit. 

Various  forms  of  voltaic  batteries  are  employed 
for  ringing  bells.  It  will  be  found,  however,  tihat 
the  best  results  are  obtained  in  practice,  by  the  em- 
ployment of  the  Leclanche  cell,  which  we  have  al- 
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Fig.  200, — Method  of  Ringing  a  Number  of  BeHs  by  Rela3r8  in  Series. 

ready  described.     For  all  open-circuited  work,  these 

batteries  give  the  best  results,  since  they  are  readily 

kept  in  good  working  action.     Although,  as  already 

remarked,  the  cells  polarize  rapidly,  yet,  since  thefjjS'oi 

current  they  are  required  to  fimiish  is  only  needed  JSJfS-****'* 

for  a  short  time,  and  long  periods  of  rest  are  apt  to  2£SSd  work 

occur  between  the  times  that  the  bells  are  rung,  the 

Leclanche  cell  can  readily  depolarize  from  the  action 

of  the  black  oxide  of  manganese  mixed  with  the 

VoL  111.^20 
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AIltOpOD 

Leclancbe 
batteries. 


carbon*  When  properly  set  up,  such  batteries  will 
continue  to  furnish  current  for  periods  varying  from 
half  a  year  to  2^  years,  with  a  single  charge  of 
chemicals,  although,  at  intervals  between  these  peri- 
ods, it  will  be  necessary  to  inspect  the  cells  at  more 
or  less  regular  intervals,  in  order  to  see  that  no  mis- 
hap has  occurred.  Sometimes,  it  will  be  found,  for 
example,  that  a  white  salt  is  creeping  over  the  sides 
of  the  glass  jar.  Under  such  circiunstances,  the  jar 
should  be  removed,  washed,  and  dried.  If  the  zinc 
assumes  a  deep  black  color,  and  a  strong  smell  of 
ammonia  is  observable,  the  indications  are  that  a 
short  circuit  has  occurred,  and  that  the  battery  is 
rapidly  exhausting  itself.  This  short  circuit  must 
be  discovered  and  remedied,  and  under  such  circum- 
stances, it  is  advisable  to  recharge  the  cell.  Care, 
too,  must  be  observed  to  maintain  the  level  of  the 
liquid  in  the  glass  jar  at  a  normal  height.  This  is 
done  by  occasionally  filling  the  jar  with  pure  water, 
so  as  to  replace  the  water  lost  by  evaporation.  If 
the  liquid  in  the  glass  jar  becomes  milky  or  white, 
it  can  be  remedied  by  adding  crystals  of  sal-am- 
moniac, the  white  salt  employed  in  charging  the  jar. 

Sometimes  some  form  of  bichromate,  a  Fuller 
cell,  or  a  form  of  Edison-Lalande  cell,  may  be  em- 
ployed in  the  case  of  large  buildings  like  hotels, 
where  a  considerable  battery  current  is  desired.  In 
all  calls  operating  on  closed-circuited  systems,  some 
form  of  Daniell's  constant  battery  must  be  employed, 
which  is  entirely  free  from  polarization.  Referring 
to  the  suitability  of  the  Leclanche  voltaic  cell  for  bell 
work,  F.  C.  Allsop  gives  the  following  as  his  opin- 
ion: 

"A  severe  and  prolonged  test,  extending  over 
many  years,  has  proved  that  for  general  electric 
bell  work  the  Leclanche  has  no  equal;  though,  in 
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large  hotels,  etc.,  where  the  work  is  likely  to  be  very 
heavy,  it  may,  perhaps,  be  preferable  to  employ  a 
form  of  the  Fuller  bichromate  battery.  It  is  very 
important  that  the  battery  employed  should  be  a 
thoroughly  reliable  one  and  set  up  in  a  proper  man- 
ner, as  a  failure  in  the  battery  causes  a  breakdown 
in  the  communication  throughout  the  whole  build- 
ing, while  the  failure  of  a  push  or  wire  only  affects 
that  portion  of  the  building  in  which  the  push  or 
wire  is  fixed.  A  common  fault  is  that  of  putting 
in  (with  a  view  to  economy)  only  just  enough  cells  SImmSd- 
(when  first  set  up)  to  do  the  necessary  work.  This  ^°*^' 
is  false  economy,  as  when  the  cells  are  but  slightly 
exhausted  the  battery  power  becomes  insufficient; 
whereas,  if  another  cell  or  two  had  been  added,  the 
battery  would  have  run  a  much  longer  time  without 
renewal,  owing  to  the  fact  that  each  cell  could  have 
been  reduced  to  a  lower  state  of  exhaustion,  yet  still 
the  battery  would  have  furnished  the  necessary  pow- 
er; and  the  writer  has  always  found  that  the  extra 
expense  of  the  surplus  cells  is  fully  repaid  by  the 
increased  length  of  time  the  battery  runs  without 
renewal.** 
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CHAPTER  XXV 

ELECTRO-MAGNETIC   ANNUNCIATORS 
'Go  call  a  €:oaxh'*^-Chrononhotonthologos,  Act  I,  Scene  I 


A 


N  electro-magnetic  annunciator  is  a  device  for 
automatically  indicating  the  points  at  which 
one   or   more  electric   contacts  have  been 
closed.     Annunciators  are  employed  for  a  great  va- 
riety of  purposes.     For  example,  in  hotels  they  are 
Biectro-      employed  for  indicating:  the  number  of  a  rocwn  the 

magnetic  r     j  o 

a^md.  occupant  of  which  desires  some  service.  In  its 
simplest  form,  an  annunciator  is  operated  from  the 
room  by  the  guest  pressing  a  push-button,  and  thus 
closing  an  electric  circuit.  The  closing  of  this  cir- 
cuit is  indicated  at  the  office  by  the  fall  of  a  drop  or 
shutter,  or  by  the  movement  of  an  electro-magnetic 
needle.  In  the  former  case,  the  falling  of  the  drop 
or  shutter  discloses  the  number  of  the  room  calling. 
In  the  latter  case,  the  needles  are  placed  over  num- 
bers corresponding  to  the  numbers  of  the  room.  The 
needle  is  moved  out  of  its  normal  position,  generally 
a  horizontal  one,  into  a  vertical  or  inclined  posi- 
tion. The  electro-magnetic  annunciator  is  similar 
in  its  construction  and  operation  to  the  annunciators 
employed  on  the  switchboards  of  central  telephone 
stations. 

A  form  of  electro-magnetic  annunciator  suitable 
Hoc^ao-    for  use  in  hotels  is  shown  in  Fig.  201.     Here  the 
push-buttons  connected  with  rooms  No.  28  and  No. 
91  have  been  operated  by  guests  who  have  called 


nunoator. 
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for  some  service.  This  is  indicated  in  the  figure 
by  the  drops  from  these  two  electro-magnets  having 
fallen,  displaying  the  numbers.  At  the  same  time, 
the  current  that  automatically  drc^  the  shutter 
rings  an  electro-magnetic  bell,  calling  the  attendant 
to  the  annunciator.  As  soon  as  the  attendant  has 
noted  the  numbers  of  the  rooms  calling,  he  replaces 
the  drops  by  the  movement  of  a  lever,  or  some  other 
mechanical  device  provided  for  such  purpose. 


Sometimes  the  call  is  indicated  by  the  movement 
of  a  needle,  instead  of  hy  the  fall  of  a  drop  or  shut- 
ter. A  hotel  annunciator  of  the  needle  type  is5*hSL'^ 
represented  in  Fig.  202.  The  call-bell  is  indicated  "'^ 
at  the  top  of  the  annunciator.  The  device  for  reset- 
ting the  needles  is  placed  at  the  bottom  of  the  %ure. 
In  this  form  of  annunciator  a  call  is  indicated  by  the 
particular  needle,  placed  immediately  below  the  num- 
ber conesiKMiding  to  the  room,  being  made  to  assume 
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a  position  midway  between  a  horizontal  and  a  verti- 
cal position.  In  some  forms  of  needle  annunciators, 
a  call  is  indicated  by  the  needle  changing  from  a  hori- 
zontal to  a  vertical  position.  In  the  hotel  annunciator 
shown  in  this  figure,  the  device  for  resetting  the 
needles  takes  the  shape  of  the  handle  represented  in 
the  lower  part  of  the  annunciator. 


Fid.  lOJ. — Hotel  Annunciator.     Note  the  metting  device  netr  the  bot- 
tom of  the  apparatiu. 

Electro-magnetic  annunciators  are  now  almost 
universally  employed  in  elevators.  The  needle  an- 
nunciator is  very  commonly  employed  for  this  pur- 
pose. Such  instruments  must  necessarily  be  positive 
in  their  action,  and  of  a  type  that  would  not  be  liable 
to  be  deranged  by  the  jars  to  which  they  are  subject 
in  the  elevator  cars.  A  form  of  elevator  annuncia- 
tor is  shown  in  Fig.  203. 

Various  types  may  be  employed  for  releasing  the 
drop  or  shutter.    In  that  shown  in  Fig.  204,  called 
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the  lock  gravity  drop,  the  attraction  of  the  armature 
of  the  electro-magriet  releases  the  drop  or  shutter, 


which  then  falls  by  the  acticm  of  gravity,  automat- 
ically disi^ying  the  number  printed  back  of  the 


drop.     Such  devices  are  either  replaced  by  hand,  or 

are  made  self-restoring,  as  in  the  case  of  the  tele-ny<irop- 

phone  annimciators. 


460 


SLEOTRIOITY  IN  BVERT-DAT  UFM 


Pendulum 
annuncia- 
tor indi- 
cator. 


In  some  forms  of  self-restoring  drops,  the  drop 
is  reset  by  the  action  of  a  current  sent  through  an 
additional  electro-magnet.  Another  form  of  self- 
restoring  annunciator  is  called  the  pendulum  indi- 
cator. Here  the  electro-magnet  has  its  armature 
so  arranged  that  when  suddenly  drawn  back,  on 
the  passage  of  the  current  through  its  coils,  it  re- 
leases a  pendulum  that  will  continue  to  swing  to- 
and-fro  for  several  minutes  before  coming  to  rest. 
When  it  does  come  to  rest  it  assumes  the  position 
in  which  it  is  ready  again  to  be  set  swinging  when 
another  impulse  comes  through  the  coils  of  the  elec- 
tro-magnet. In  this  way  the  indicator  is  self-restor- 
ing. In  order  readily  to  call  attention  to  the  to-and- 
fro  movements  of  the  pendulum  indicator,  it  is 
sometimes  provided  with  a  reflecting  mirror-like 
surface,  so  that  its  movements  can  be  readily  seen 
in  a  dimly  lighted  room. 


Answer- 
back 
system. 


Sometimes,  where  it  is  desired  that  an  answer 
shall  come  back  from  the  distant  point  indicating 
that  the  ringing  of  the  bell  at  such  point  has  been 
heard,  various  arrangements  of  circuits  have  been 
devised.  That  shown  in  Fig.  205  is  suitable  for 
operation  where  each  of  the  rooms  signalling  is  pro- 
vided with  an  electric  bell,  which  can  be  readily  rung 
by  the  attendant  who  answers  the  distant  bell.  Here 
a  single  battery,  B,  has  its  terminals  connected  with 
the  circuits  marked  i,  2,  and  3,  respectively.  Push- 
buttons, P,  P,  P,  and  electric  bells,  b,  b,  b,  are  placed 
in  each  of  the  three  rooms  in  parallel  with  the  circuit 
wires  in  the  manner  shown.  Under  these  circum- 
stances, a  person  in  any  of  the  rooms  can,  by  press- 
ing the  push-button,  P,  P,  or  P,  ring  the  distant  bell, 
R.  At  the  same  time,  in  order  that  the  person  call- 
ing may  know  that  such  call  has  been  heard,  he  will 
listen  for  the  bell  in  his  room  to  sound.    This  can 
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be  done  by  the  party  receiving  the  call  pressing  the 
push-button  at  P",  and  ringing  all  the  bells,  b,  b,  b. 
This  system  is  open  to  the  objection  that  the  bells 
are  necessarily  rung  in  all  of  the  rooms.  It  may 
be  modified  by  employing  a  greater  number  of  cir- 
cuits, so  that  the  return  or  answer-back  call  shall  be 
heard  only  in  the  room  in  which  it  is  desired. 


Fia  10S-— Anivering-back  Sjitem. 

A  great  improvement  on  the  simple  push-button 
system  just  described  is  now  generally  employed  in 
large  hotels  or  other  similar  buildings,  in  the  shape 
of  a  device  called  a  teleseme.  Here  a  dial,  Fig.  2oi5,  !S£tf  »- 
is  placed  in  each  room,  on  the  face  of  which  areSSSH" 
marked  in  printed  characters  all  the  articles  or  ser- 
vices the  guests  are  apt  to  need.  The  circuit  con- 
nections and  apparatus  are  so  arranged  that  on 
placing  an  indicating  finger  on  the  name  of  the  par- 
ticular article  or  service  desired  in  sending  a  signal 
to  the  office,  the  need  can  be  indicated  without  wait- 
ing for  the  coming  of  the  call-boy. 
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In  the  form  of  annunciator  employed  in  ccmnec- 
tion  with  the  teleseme,  called  the  electrolytic  annun- 
ciator, a  number  of  separate  electrolytic  cells,  Fig. 
207,  are  arranged  on  the  surface  of  a  board,  pro- 
vided with  a  transparent  cover.  The  closing  of  any 
distant  push-button,  or  contact,  is  indicated  on  fte 
annunciattH"  board  by  a  chemical  decomposition  ju'c- 


FlO.  m6. — Tbe  Teleinne  or  Hotel  CilL  To  tend  ■  call  thni,  the  in- 
dicBlins  fisgtr  or  index  k  moved  so  that  Jti  narrov  end  reati  on  the 
name  of  tbe  particular  thing  needed,  and  the  posh  bntton  F  is  then 
prosed  by  Ibe  hand. 

duced  in  the  liquid  of  the  electrolytic  cells;  i.e.,  a 
reddish  brown  film  that  is  produced  on  the  surface 
of  the  liquid.  The  surface  is  cleared  by  a  current  of 
air  sent  through  the  instrument. 

Annunciator  service  in  large  hotels  is  now,  how- 
ever,  rapidly  being  replaced  by  telephones,   that 
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communicate  with  a  central  switchboard  at  the  hotel 
office.     By  this  means,  a  guest  can  far  more  readily  I,f2SSS^ 
make  known  his  wants  than  by  any  method  of  an-  *^*"<** 
nundators  yet  devised. 

From  a  historical  standpoint,  the  annunciator  - 
,was  evolved  before  the  electro-magnetic  bell.  The 
earliest  form  of  aimunciator  may  be  conceived  to  be 


the  well-known  device  called  the  Schweig^r  multi- 
plier, produced  in  1819,  to  which  we  have  already 
referred,  and  which,  it  will  be  remembered,  consists  a 
essentially  of  a  nimiber  of  turns  of  insulated  wire,  ^*EiS'"' 
with  a  magnetic  needle  suspended  at  the  centre  of «  '""  - 
the  coil.     On  the  passage  of  the  current,  the  needle 
moves  either  to  the  ri^t  or  to  the  left,  according  to 
the  directi<Mi  of  the  current,  or  the  direction  in  which 
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tiie  coils  are  wound.     Here  the  needle  takes  the  part 
of  the  annunciator. 

But  apart  from  the  multiplying  coils,  the  annunci- 
ator took  a  more  positive  shape  in  the  needle  tele- 
graphic instrument  of  Wheatstone  and  Cooke,  which 
was  evolved  between  the  years  1837  and  1840.. 
Here,  in  addition  to  the  motion  of  the  needle  over 
the  dial,  a  call-bell  was  employed,  the  alectro-mag- 
nets  of  the  bell  being  operated  by  means  of  a  local 
battery  thrown  into  action  by  closing  the  points  of 
a  relay. 


BUEQLAR,    FIRM,    AND    OTBXB   ALAMM3  456 


CHAPTER  XXVI 

BURGLAR,     FIRE,    AND    OTHER    ALARMS 

"Set  a  thief  to  catch  a  thief 

—Old  Proverb 

ELECTRO-MAGNETIC  annunciators  are  em- 
ployed for  various  purposes  besides  those 
already  mentioned.  The  ease  with  which 
the  closing  of  a  contact  at  any  distant  point  canJJScSitoJi 
sound  an  alarm  and  indicate  the  exact  place  at'***^""* 
which  such  contact  has  been  closed,  enables  va- 
rious systems  of  burglar,  fire,  temperature,  and 
water-level  alarms  to  be  readily  arranged. 

In  the  case  of  burglar  alarms,  the  electric  contacts 
are  placed  on  doors,  windows,  stairways,  or  under 
mats  or  carpets  in  a  room,  so  that  the  mere  opening 
of  the  door  or  window,  or  stepping  on  the  stairway, 
or  walking  over  the  floor  of  a  room,  will  sound  an 
alarm,  either  in  one  of  the  rooms  of  the  house,  or, 
when  the  house  is  closed,  in  the  street ;  or,  still  bet- 
ter, in  the  nearest  police  station.  In  order  to  pre-surgter 
vent  burglar  alarms  from  being  sounded  during  the 
daytime  by  the  regular  occupants  of  the  house, 
switches  are  arranged  so  as  to  disconnect  the  bat- 
tery. Since,  in  the  case  of  forgetfulness  properly 
to  open  or  close  such  switches,  the  burglar  alarms 
may  fail  to  operate,  the  plan  is  frequently  adopted 
of  causing  the  opening  and  the  closing  of  the  cir- 
cuits to  be  automatically  eflfected  by  means  of  a 
good  clock. 

In  any  system  of  burglar  alarms,  since  a  long 
time,  often  weeks  or  months,  may  elapse  without 
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such  alarms  being  sounded,  great  care  is  necessary 
in  order  to  select  contacts  of  such  a  character  that 

rSSrur  l^^y  will  be  ready  at  any  time  to  perforin  their  work. 

'"™*  For  the  reasons  already  pointed  out,  wiping  contacts 
are  to  be  preferred  to  dotting  contacts,  since  the 
former  keep  the  contact  surfaces  clean  from  oxide. 

Burglar-alarm  contacts  have  been  devised  in 
great  variety,  so  arranged  as  to  cause  the  alarm  to 
be  sounded  either  when  the  circuit  is  made  or  broken. 


FlO.  loS. — Window-Spring  ConUct  for  Burglar  Alsnn. 

In  the  form  of  window  burglar-alarm  contact,  rep- 
resented in  Fig.  208,  a  contact  ts  made  on  the  open- 
ing of  the  window.  Here  an  arm  or  projection  ia 
so  arranged  that,  when  the  plate  A  A  is  fastened 
into  the  window-jamb  above  the  window,  so  that 
when  raised  the  projection  P  is  moved,  and  a  contact 
established  between  the  points  a  and  b,  the  window 
can  not  be  raised  without  an  alarm  being  sounded. 

Burglar-alarm  contacts  of  a  similar  description 
may  also  be  placed  on  the  jamb  of  a  door,  so  that 
the  opening  of  the  door  will  close  the  contacts.    A 
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tana  of  such  contact  is  rq)resented  in  Fig.  209. 
When  this  device  is  employed  on  a  window,  it  is 
placed  on  a  siti,  so  that,  on  shutting,  the  window 
presses  against  the  projection  r,  and  breaks  the^S^ 
contact  between  a  and  g.     When,  however,  the  win-  ^?2dm 
dow  is  raised,  the  spring  moves  the  contact  a  against "  ''"^ 
g,  thus  closing  the  circuit.     When  such  a  contact  is 
placed  on  a  door-jamb,  on  closing,  the  contact  r 
is  moved,  thus  breaking  the  contact  between  a  and  g, 
while  the  opening  of  the  door  permits  the  spring  to 
dose  the  contact. 


Fid.  309. — Door  or  Windair  Contact. 

It  is  evident  that,  in  any  system  of  burglar  alarms 
m  which  tiie  alarm  is  sent  only  when  the  contact  is 
closed,  if  the  circuit  be  cut,  at  either  of  the  ccHitacts 
at  the  doors  or  windows,  tiie  doors  or  windows  cancio»ed- 
be  opened  without  sounding  an  alarm.    In  oeAex  to  lyitemi  <a 
avoid  this,  a  system  of  open-drcuited  burglar  alarms  aiannt. 
taay  be  employed.    In  such  cases,  the  opening  of  the 
circnit,  by  the  catting  of  the  wire,  would  instantly 
sound  an  alarm.    This  may  be  done  either  1^  using 
a  special  form  of  bel!,  or  by  using  a  relay,  whic^ 
automatically  inserts  the  bell  into  the  circuit  of  a 
local  battery. 

A  special  form  of  bell,  operated  by  some  battery 
other  than  that  which  sounds  the  alann,  is  repre- 
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Closed- 
circuited 
S3^tem 
of  bells. 


Action 
of  bell 
on  closed 
circttiL 


sented  in  Fig.  210.  The  bell  is  of  the  vibrating  type, 
but  is  provided  with  three  contacts,  at  i,  2,  and  3, 
the  circuit  connections  with  the  battery  D  being  as 
represented.  Here  a  Daniell's  constant  cell  must 
be  employed,  since  the  circuit  is  continually  closed. 
A  burglar-alarm  contact  is  placed  on  a  safe  at  C, 
and  is  so  arranged  that,  opening  the  door  breaks 
the  circuit,  and  causes  the  ringing  of  the  bell  in  the 
following  manner.  As  long  as  the  contact  C  is 
closed,  a  current  flows  from  the  battery  D,  from  c, 
through  a,  switch  S  (provided  so  as  to  prevent  the 
bell   from   ringing  during  daytime,  when  so  de- 


Fio.  a  10. — Closed-circuit  System  for  Bells. 

sired),  and  terminal  i,  of  the  bell,  through  the  mag- 
net coils,  d,  d,  contact  post  ^,  terminal  3,  and  wires  g 
and  h,  back  to  the  battery.  As  long  as  the  mag- 
netic cores  d,  d  are  magnetized,  they  attract  the 
armature,  so  that  the  contact  at  e  is  broken.  When, 
however,  the  door  of  the  safe  is  opened,  or  when  the 
circuit  is  broken  or  cut  in  any  place,  the  armature 
dd  is  released,  and  a  contact  being  made  at  e,  the 
bell  will  ring,  and  will  continue  to  ring  until  the 
switch  S  is  moved,  since  the  circuit  will  now  be 
completed  through  the  bell  as  follows:  From  the 
pole  c  of  the  battery,  through  a,  S,  terminal  i,  and 
bell  coils  d,  d,  contact  post  e,  armature  terminal  2, 
and  wire  h,  back  to  the  battery. 
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The  method  of  ringing  the  bell  cm  the  breaking  or 
opening  of  the  circuit  by  the  movement  of  the  relay 
is  represented  in  Fig.  211.  Here  there  are  two  bat- 
teries, one,  D,  the  main  battery,  of  the  gravity 
Daniell  type,  and  the  other,  E,  a  local  battery  of  the 
Leclanche  type.  The  main  battery  is  placed  in  the 
circuit  of  the  relay  R,  and  the  burglar  contact  at  C,  Sl^Swd 
on  a  safe  or  other  door  that  is  to  be  guarded.  As  ^h  nUr. 
long  as  the  contact  at  C  remains  closed,  or  the  cir- 
cuit remains  uncut,  the  relay  attracts  its  armature, 
and  thus  breaks  contact  with  the  screw  e.  As  soon, 
however,  as  the  circuit  is  broken,  the  contact  at  e  is 


Fig.  all.— Ckned-circniud  SyMcm  with  Relaf. 

closed,  and  this  closes  the  local  circuit  of  the  bat- 
tery E,  through  P,  S,  G,  B,  L,  /,  e,  and  the  armature 
of  the  relay,  back  to  the  battery  at  N.  Of  course,  in 
the  closed-circuited  system  of  burglar  alarms,  the 
separate  contacts  must  be  placed  in  the  circuit  in 
series,  and  not  in  parallel,  as  in  the  open-circuited 
systems. 

A  form  of  burglar  alarm,  suitable  for  a  house,  is 
shown  in  Fig.  212.  Here  a  clock  automatically  dis- 
connects  the  circuits  that  are  connected  with  thej^™" 
lower  bar,  and  also  rings  the  servants'  bell  at  any 
time  it  may  be  desired,  by  suitably  setting  the  cen- 
tral dial  on  the  clock.     The  different  rooms,  or 
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points  of  contact,  are  as  represented  on  the  annun- 
ciator drops.  The  galvanometer  placed  below  the 
clock  is  intended  to  show  the  strength  of  the  bat- 
tery, so  as  to  indicate  whether  it  is  ready  for  action. 
Switches  are  provided  for  the  purpose  of  making  a 
number  of  tests,  showing  the  condition  of  the  sys- 
tem. One  of  these  switches  is  provided  for  the 
stopping  of  the  bell  after  it  has  b^  started  by  the 


Fio.  iii.— Burglar  Alarm  for  HmiW. 

opening  or  closing  of  the  contacts.  On  many  burglar 
alarms,  an  incandescent  lamp  is  placed  either  in  the 
alarm  itself,  or  in  a  position  in  front  of  the  alarm, 
which  is  automatically  lighted  on  the  sounding  of 
an  alarm. 

Of  the  two  systems  above  described  for  ringing 

ulwot     ^"^  **"  th^  opening  of  the  circuit,  the  relay  is  the 

safer,  since,  in  the  first  system,  the  closing  of  the 

contact,  as  by  shutting  the  door  of  the  safe,  will  stop 


CJOMd- 
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the  ringing  of  the  alarm.  The  closed-circuited  sys- 
tem, besides  affording  protection  against  the  burglar 
cutting  the  circuit  of  the  wires,  also  affords  a  ready 
means  for  testing  the  condition  of  the  entire  sys- 
tem ;  for,  should  any  contact  fail  to  close,  the  ringing 
of  the  bells  would  indicate  that  a  break  existed  some- 
where, and  that,  therefore,  a  necessity  existed  for 
carefully  examining  the  line. 

A  system  of  electric  annunciators  is  especially 
adapted  for  giving  early  intelligence  of  a  fire.  This 
is  evidently  of  the  greatest  importance,  since  the 
sooner  the  firemen  can  get  at  work,  the  greater  fhmns. 
their  chance  of  being  able  to  rapidly  extinguish  the 
fire.  Systems  of  fire  alarms  are  now  established  in 
practically  all  important  cities  in  the  United  States. 

The  essentials  of  a  system  of  fire-alarm  annun- 
ciators, or,  as  it  is  frequently  called,  fire-alarm 
telegraphy,  consists  in  a  central  office  or  station, 
connected  with  a  number  of  separate  stations  by 
means  of  electric  conductors  that  extend  through- 
out the  district  to  be  protected.  Fire-alarm  circuits 
are  always  metallic  circuits.  At  various  points  on 
such  conducting  lines  signal  boxes  are  established. 
These  are  generally  placed  in  the  street,  though  telegraphy, 
sometimes  they  are  inside  buildings.  These  boxes 
are  for  the  purpose  of  sending  signals  to  the  central 
office,  and  thus  give  notice  of  the  exact  location  of 
a  fire.  As  soon  as  the  central  station  receives  this 
information,  it  sends  signals  to  the  engine  houses 
nearest  to  the  fire.  In  case  of  a  severe  conflagration, 
where  a  general  alarm  is  sounded,  calls  are  sent  to 
all  the  fire  stations.  These  calls  may  be  sent  out 
from  the  central  station  either  by  means  of  opera- 
tors, or,  in  some  systems,  they  are  sent  out  au- 
tomatically. 
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Fire-signal  boxes  operate  on  the  same  principle  as 
the  district-telegrap}!  call  boxes.  The  pulling  of  a 
handle  releases  a  detent,  and  permits  a  wheel  to  be 
rapidly  moved  by  means  of  clock-work.  During 
this  rotation,  the  wheel  automatically  makes  and 
breaks  the  circuit  a  number  of  times,  and  thus  trans- 
mits into  the  Une  a  number  of  electrical  impulses, 
that  correspond  with  some  arbitrary  signal,  indicat- 
ing the  number  of  the  box.  These  impulses  pass 
over  the  line  wire,  and  are  received  at  the  central 
ofhce,  where  they  cause  an  alarm  bell  to  give  a  stroke 
for  each  impulse,  the  number  of  times  and  the  inter- 
vals between  the  strolces  corresponding  to  the  sig^ 


nals  sent.  In  many  systems  of  fire-alarm  teleg- 
raj^y,  besides  sounding  the  bell,  a  record  is  made  on 
a  registering  or  recording  instrument,  as  in  the 
Morse  system  of  telegraphy, 

Fire-call  boxes  are  arranged  so  as  to  prevent 
their  being  maliciously  operated  for  the  purpose  of 
sending  false  alarms.  They  are  either  opened  by 
means  of  keys,  placed  in  the  hands  of  special  offi- 
cers only,  or,  when  they  can  be  operated  by  other 
persons,  they  are  generally  so  arranged  that  the 
sending  of  the  alarm  at  the  same  time  causes  a  gong 
to  sound,  thus  calling  the  attention  of  the  people  in 
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the  Street  to  the  alarm  having  been  sent.    Some  fire- 
alarm  boxes  are  arranged  so  that  the  alarm  can  only 
be  sent  by  the  breaking  in  of  the  glass  front  of  the 
box.    Such  a  box  is  represented  in  Fig.  213,  where  ^[^,. 
the  method  for  sending  the  signal  is  clearly  indi-^ij|^ 
cated  by  the  lettering  on  the  box.     This  breaking  j£^^; 
of  the  glass  front  automatically  closes  the  circuit,"'*"'^ 
and  thus  sounds  an  alarm  at  the  central  office.    The 
method  whereby  this  is  accomplished  is  very  simple. 
A  spring  is  endeavoring  to  close  the  contact  by  the 


Ft&  1I4- — Fire-iltrm  Signal-box.    Note  the  itutmctioii*  on  the  door  of 
the  signal-box. 

movement  of  a  plug.  This  plug  presses  against 
the  surface  of  the  glass,  and  is  thus  prevented  from 
completing  the  contact.  As  soon  as  the  glass  is 
broken,  the  spring  moves  the  plug  and  doses  the 
contact 

A  form  of  fire-alarm  box,  employed  in  the  fire- 
alarm  ^stem  of  Chicago,  is  shown  in  Fig.  214, 
The  outer  door,  which  is  of  the  k^less  type,  is  read-mwJ??™. 
ily  opened  by  turning  the  handle  to  the  right.     The        '™' 
inner  doors  operate  a  short-circuit  switch  wh«i 
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closed,  thus  cutting  out  from  the  circuit  all  parts 
except  the  signal  wheel  The  signals  are  trans- 
mitted from  the  box  by  a  wheel  provided  with 
notches  in  its  circumference,  that  make  and  break 
the  circuit  in  a  manner  which  represents  the  number 
and  location  of  the  box. 

In  the  system  of  district  telegraph  messenger  call 

tekgt«ph    boxes,  calls  can  be  sent  to  a  central  office  where  there 

SutoSt"  are  messenger  boys,  special  officers  or  policemen, 

and  firemen.    On  the  pulling  of  the  handle  of  the 


FiO.  115.— AmericaD  Dutrict  Telefraph  IfcMcDger  Call  Box. 

call  box,  there  is  automatically  transmitted  to 
the  central  station  a  number  of  electric  impulses, 
which  both  give  the  number  of  the  box  and  indicate 
the  character  of  the  service  that  is  required.  In 
the  multiple  district  call  box  shown  in  Fig.  215, 
means  have  been  provided  for  four  different  calls — 
i.e.,  for  a  watchman,  for  a  messenger  boy,  for  a 
policeman,  for  the  firemen — and  for  some  special 
service,  such,  for  example,  as  a  doctor  or  a  carriage, 
'as  may  be  agreed  upon. 

In  order  to  send  a  call,  the  handle  is  pulled  down 
until  it  touches  the  st<^  marked  watchman  in  the 
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figure.  On  the  handle  then  being  released,  the  wheel 
inside  the  box  is  rotated,  and  transmits  into  the 
circuit  a  number  of  makes  and  breaks,  that  follow 
one  another  at  intervals,  according  to  the  location 
and  number  of  teeth  on  the  circumference  of  the 
wheel,  there  being  thus  sent  to  the  central  office  im- 
pulses that  indicate  the  number  of  the  box  and  the 
character  of  service  required,  in  this  case  a  mes- 
senger boy  or  watchman. 

If  the  little  stop  near  the  word  watchman  is 
raised  so  that  the  handle  may  be  turned  around  suf- 
ficiently far  to  reach  the  word  police,  fire,  or  special,  SmSut 
and  is  liberated  from  any  of  these  points,  additional  "*  ■"** 
signals  will  be  sent  into  the  line,  which  will  send 
an  additional  number  of  impulses  into  the  receiving 
apparatus,  indicating,  as  before,  the  number  of  the 
box,  and  the  special  character  of  service  required. 

Where  it  is  desired  to  maintain  the  same  tem- 
perature in  any  locality,  such,  for  example,  as  a 
hothouse,  incubator,  or  room,  a  variety  of  devices 
may  be  employed  for  sounding  an  alarm  as  soon  as  Tcmpen* 
a  certain  temperature  is  reached.     One  method  of*"" 
operating  such  alarms  is  by  means  of  an  ordinary 
mercurial  thermometer.     In  the  form  represented 
in  Fig.  216,  an  ordinary  thermometer  is  provided, 
only,  instead  of  the  thermometer  tube  being  her- 
metically sealed  at  the  top,  it  is  provided  with  an 
air-tight  rubber  cork,  through  which  passes  a  metal- 
lic rod  r.    This  rod  can  be  lowered  or  raised  in  the 
thermometer  tube,  so  that  its  lower  end  can  be 
placed  at  any  desired  level.    It  will  be  evident  that,  Method  of 
as  soon  as  the  temperature  has  reached  such  aSFthe 
height  that,  by  the  expansion  of  the  mercury,  thetcmp^- 
lower  end  of  the  metallic  rod  is  reached,  the  contact 
between  r  and  r',  placed  in  the  circuit  of  a  voltaic 
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cell  and  an  alarm  bell,  will  be  closed,  so  that  the 
alarm  will  sound  as  soon  as  this  temperature  is 
reached. 

In  a  thermo-static  alarm,  a  compound  bar  of  brass 
and  steel,  B,  S,  Fig.  217,  is  formed  by  riveting  to- 
gether two  straight  bars  of  brass  and  steel  respec- 


PMi,  aiti.— UercurW  Tempcnture  Altntt. 

tively,  and  suspending  them  in  the  manner  shown. 
Contact  pieces  are  placed  at  C  and  H,  as  well  as  on 
the  sides  of  B  and  S,  opposite  these  contact  points. 
A  split  battery  is  connected  at  its  middle  point  with 
?^»j2°  the  central  terminal  T,  and  with  its  positive  and 
negative  poles  at  the  remaining  terminals  T,  T. 
Any  decrease  in  temperature  will  cause  the  com- 
pound bar  to  move  toward  C,  thus  closing  the  coo- 
tact  through  one-halt  the  battery.     On  the  other 
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hand,  any  increase  in  temperature  will  cause  the  bar 
to  move  toward  H,  thus  closing  the  contact  with 
the  other  half  of  the  battery.     In  this  manner,  a 
simple   fire-and- frost   alarm   can  be  obtained    forfeJ^for 
soxmding  an  alarm  when  the  temperature  either  falls  JSStwr**^ 
below  or  rises  above  a  certain  predetermined  limit.  Sj,^'*^ 
When  it  is  desired  automatically  to  maintain  the 
temperature,  circuit  arrangements  can  readily  be 
provided  whereby,  on  the  fall  of  temperature,  an 
electro-magnet  will  open  a  register,  and  thus  in- 


Fig.  217. — Thermo-static  or  Temperature  Alarm.  Note  how  an  in- 
increase  of  temperature,  by  bending  the  rod  in  one  direction,  doses  one 
of  the  contacts,  while  a  decrease  of  temperature,  by  bending  the  rod 
in  the  other  direction»  closes  the  other  contact. 


crease  the  temperature  of  the  room.  On  the  other 
hand,  on  the  increase  in  temperature  closing  the 
other  contact  circuit,  arrangements  may  be  such  that 
an  electro-magnet  will  close  a  register;  or,  in  the 
case  of  a  smaller  space,  such  as  would  exist  in  the 
case  of  an  incubator,  an  arrangement  could  be 
devised  whereby  an  incandescent  lamp  could  be 
turned  on  when  the  temperature  fell  too  low,  and 
turned  off  when  it  became  too  high. 

Where  it  is  desirable  to  send  an  alarm  whenever 

Vol  ni.-2i 
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a  liquid  level  varies  in  height,  some  form  of  liquid 
level  alann  is  employed.  In  the  form  represented 
on  the  left-hand  side  of  Fig.  218,  a  ball  float  is  pro- 
vided with  an  arrangement  for  closing  the  circuit, 
and  ringing  a  bell  as  soon  as  the  level  of  the  water 
rises  above  a  certain  predetermined  point.  In  some 
cases,  the  closing  of  the  circuit  at  such  a  point 
causes  an  electro-magnet  to  shut  off  the  water  sup- 
ply. At  the  right-hand  side  of  the  figure  a  liquid 
level  alarm  is  shown  that  is  provided  with  two  ball 


Fio.  aiS. — Liquid  l^vel  Alarm. 

floats.  Here  an  alarm  will  be  sent  if  the  water  is 
either  too  high  or  too  low.  As  before,  an  electric 
device  may  be  employed  which  turns  off  the  water 
when  the  level  attempts  to  pass  above  the  desired 
height,  and  turns  it  on  when  it  passes  below  it. 

An  electro-magnet  is  sometimes  employed  for  the 
purpose  of  opening  a  distant  door  or  gate,  and  thus 
saving  the  time  required  in  going  to  and  from  the 
same  to  open  it  by  hand.  Various  devices  may  be 
employed  for  such  purposes.  In  that  represented  in 
Fig:.  U19,  the  attraction  of  the  armature  of  an  elec- 
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tro-magnet  draws  in  the  latch,  and  thus  permits  the 
door  to  be  opened. 

It  is  evident  that  doors  or  windows  may  be  locked 
as  well  as  unlocked  by  electro-magnetic  means.     In 


FiQ.   aig. — ElectrtMoagDctic  Dfxir  Latxh   for  Automatic  Door  Opener. 

order  to  be  able  to  leave  the  window  of  a  bednxnn 
safely  raised  while  asleep  at  night,  a  device  may  be  S^Sic 
attached  to  the  sash,  represented  in  Fig.  220,  so^*" 
placed  that  the  sash  is  locked  in  any  desired  position. 


Fio.  aio.— Elfctro-maanetic  Window  Lock.  On  the  passage  t>t  the 
CDmirt  through  the  magnet  coil  the  laah  is  nnlocked  on  the  cesutlon  of 
the  ciUTcnt.     The  actian  of  a  spring  locks  the  sash. 

The  circuit  of  the  electro-magnet  is  so  connected 
with  an  alarm  bell  and  a  voltaic  cell,  that  any  at- 
tempt to  move  the  sash  will  result  in  closing  the 
circuit  and  sounding  an  alarm. 
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Where  a  door  has  been  provided  with  a  burglar- 
alarm  contact,  and  the  alarm  has  been  set  for  the 
night,  in  order  to  permit  an  authorized  person  to 
enter  the  house  without  disturbing  the  occupants, 
a  device  called  a  Yale-lock  bui^lar-alarm  switch 
may  be  employed,  as  represented  in  Fig.  221.  The 
apparatus  consists  of  a  switch  so  devised  that,  when 
placed  in  a  certain  position  by  the  insertion  of  a  reg- 
ular Yale  key,  it  will  permit  the  door  to  be  opentA. 
without  sounding  the  alarm. 


Electric 

Cl^llM 


By  means  of  electric  contacts  placed  on  the  hands 
or  other  parts  of  a  clock,  circuits  can  be  opened  and 
closed  for  a  variety  of  purposes;  for  example,  to 
sound  an  alarm  at  a  certain  hour.  Such  arrange- 
ments are  generally  employed  in  cases  where  systems 
of  electro-magnetic  bells  are  installed  in  private 
houses.  A  number  of  such  contacts  may  be  pro- 
vided for  different  hours  of  an  entire  day,  so  that 

an  alarm  bell  will  be  automatically  sounded  as  such 

tagcMuSD*  hours  are  successively  reached.  Such  a  clock  is 
mi^Sf""  called  a  programme  clock.  For  the  purpose  of  be- 
J?fo^  ing  able  readily  to  change  the  times  at  which  the 
bell  shall  be  sounded,  there  is  provided  a  series  of 
contacts  on  a  part  of  the  clock  called  the  programme 
dial.  A  clock  of  this  character  is  of  value  in  schools, 
factories,  etc.,  where  it  is  desired  to  indicate  the  close 
of  certain  periods  of  time  without  necessitatii^  con- 
stant care  on  the  part  of  an  attendant.     A  clock  of 


BJJSaiAB,    FIRM,    AKD    OTHER  ALARMS 

this  description  is  represented  in  Fig.  222.  The  pro- 
gramme dial  is  shown  as  placed  below  the  ordinary 
dock  dial. 


Piogrunme  Clock. 


Where  a  night-watchman  is  required  to  visit  cer- 
tain parts  of  the  building  he  is  employed  to  watch,  w 
at  certain  times  during  the  night,  it  is  important  to  "•« 
know  whether  or  not  he  is  faithfully  discharging 


Fw.  113.— Watcbmi 


his  duties.  For  this  purpose,  a  form  of  dock,  called 
a  watchman's  time-detector,  is  employed.  Such  a 
clock  is  shown  in  Fig.  223.  Here  a  high-dass  dock 
is  employed,  generally  of  the  ei^-day  type.     Be- 
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sides  driving  the  hands,  the  mechanism  of  the  clock 
is  employed  to  rotate  a  suitable  dial,  on  which  a 
sheet  of  paper  is  placed,  means  being  provided  for 
readily  replacing  one  sheet  by  another  when  so  de- 
sired. On  this  sheet  a  number  of  radial  lines,  repre- 
senting the  hours  of  the  day,  and,  when  so  desired, 
o^^  the  minutes  and  seconds,  are  drawn.  The  radial 
dSSctor"*  divisions  are  divided  longitudinally  into  separate 
parts,  representing  the  various  stations  the  watch- 
man is  expected  to  visit.  Each  of  these  stations  is 
provided  with  a  separate  marker,  so  that,  when  the 
watchman  visits  any  distant  station,  and  depresses 
a  push-button  at  that  station,  there  is  recorded  on 
one  of  the  divisions  marks  that  indicate  the  particu- 
lar hour  and  minute  during  which  he  visited  this 
particular  station. 

In  some  forms  of  watchmen's  clock,  instead  of 
making  the  record  by  the  same  battery  current  as 
that  employed  for  sending  the  signal,  this  current  is 
used  only  to  close  the  contact  of  a  relay,  which 
throws  a  local  battery  into  action.  By  these  means, 
a  better  record  is  ensured. 

In  order  to  prevent  watchmen  from  tampering 
with  the  record,  most  clocks  of  this  character  are 

How 

tampering  now  provided  with  contacts  that  register  the  opening 
record  £  and  closing  of  the  clock  door,  thus  preventing  the 
prevent  .  y^^^^j^jj^^j^  from  replacing  the  true  paper  disk  by  a 

spurious  disk,  which  has  been  marked  by  hand. 

In  order  to  increase  the  length  of  time  a  clock  will 
run  without  requiring  the  services  of  an  attendant  to 
winding     wind  it  up,  the  plan  has  been  adopted  of  causing  a 
clock.        battery  current  to  pass  momentarily  through  an  elec- 
tro-magnet, that  will  properly  move  the  winding 
mechanism.     Various  devices  may  be  employed  for 
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such  apparatus.  In  the  form  represented  in  Fig. 
224,  the  winding  is  effected  by  the  attraction  of  the 
annature  of  the  electro-magnet  represented  at  the 
bottom  of  the  figure.  Impulses  for  this  purpose  are 
sent  into  the  line  at  periods  about  five  minutes  apart. 
While  such  self-winding  clock  movements  can  be 
made  to  act  properly,  unless  great  care  is  taken  they 
are  apt  to  interfere  with  the  accuracy  of  the  clock  as 
a  timekeeper. 


In  a  system  of  electric  gas-lighting,  a  jet  of  gas 
is  lighted  by  the  passage  of  an  electric  spark  through 
the  jet  after  the  gas  has  been  turned  on  at  the  stop-  g    ^^, 
cock.     This  spark  is  generally  obtained  from  an  ^^^^ 
induction  or  sjark  coil,  placed  in  the  circuit  of  ame- 
voltaic  battery  and  contact  points  placed  on  the  gas- 
burner.     Gas-burners  for  electric  gas-Iig^ting  may 
be  so  arranged  that  the  gas  must  first  be  turned  on 


BLBCTBICITT  IS  MTSaT-DAT  UFB 

by  hand,  and  then  a  spark  passed  through  the  issu- 
ing gas-jet;  or  a  better  method  may  be  employed,  in 
whidi  a  burner,  such,  for  example,  as  that  shown  in 
Fig.  225,  is  employed.  Here  the  pulling  of  a  pen- 
dent chain,  P,  turns  on  the  gas  by  the  moving  of  a 
valve  inside  the  burner.  At  the  same  time,  a  plati- 
num contact,  A,  placed  on  the  end  of  a  movable  arm, 
"'  makes  a  wiping  contact  with  another  platinum  con- 
tact at  B,  placed  near  the  gas-jet.  In  this  manner, 
the  circuit  of  a  spark  coil  and  voltaic  battery  is  sud- 
denly made  and  broken.      The  extra  current  pro- 


Fia.  U5.— Ritehet  Barner.  Note  ibat  Ibe  puHuic  of  the  pendant  P 
bring*  the  conucla  A  and  B  tosctber,  and  that  on  tbeir  Kparation  ■ 
apark  is  produced  which  igaitca  the  iianinc  gaa-jet. 

duced  on  breaking  the  contact  produces  a  spark 
which  jumps  between  the  contacts  at  A  and  B,as  they 
are  suddenly  separated,  and  thus  lights  the  issuing 
gas-jet.  When  it  is  desired  to  turn  off  such  a  gas- 
jet,  it  is  only  necessary  again  to  pull  the  pendant, 
since  this  motion  now  closes  the  valve  and  stops  the 
flow  of  gas. 

In  a  form  of  burner  called  the  automatic  gas- 
burner,  the  gas  is  both  turned  on  and  lighted,  and 
turned  off  and  extinguished,  by  the  motion  of  a 
push-button.     The  circuits  for  this  purpose  are  gen- 
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erally  so  arranged  that  they  control  two  separate 
electro-magnets.  One  of  these  magnets  is  excited 
by  closing  the  circuit  by  the  pushing  of  one  of  the 
buttons,  generally  a  white  one.  The  attraction  of 
the  armature  of  this  electro-magnet  turns  on  the 
gas,  and,  at  the  same  time,  causes  a  succession  of 
sparks,  produced  from  the  spark  coil,  to  pass  through 
the  issuing  gas-jet  and  light  it.  On  the  pushing  of 
another  button,  generally  a  black  button,  the  cir- 
cuit of  the  second  electro-magnet  is  completed,  which 
extinguishes  the  gas  by  closing  the  valve.  An  auto- 
matic gas-burner  of  this  description  is  represented 
in  Fig.  226,  the  separate  dectro-magnets  being 
placed  inside  the  cover. 


FlO.  91$. — AatDmatic  Electric  Gis-lightiag  Bnincr. 

Systems  of  gas-lighting  are  operated  on  open  cir- 
cuits.     Considerable  trouble  is  experienced  in  the 
use  of  such  systems,  from  the  liability  that  exists 
of  accidental  contacts  rapidly  running  down  the 
strength  of  the  battery  by  polarization.     In  order  «UKwr 
to  avoid  this  difficulty,  an  arrangement  is  frequently  (."d^*" 
made  by  which  the  wires  in  the  house  are  divided  ugh^ 
into  a  number  of  separate  circuits,  and  these  circuits 
are  so  connected  with  an  apparatus  called  a  battery 
protector,  that  on  any  accidental  short  circuit  occur- 
ring in  any  one  of  these  separate  circuits,  an  electro- 
magnet is  energized,  and  that  particular  circuit  au- 
tomatically cut  off  from  the  battery.      A  battery 
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protector  can  be  combined  with  an  annimciator,  the 
arrangements  being  such  that,  on  the  accidental  clos- 
ing of  any  erne  of  the  circuits,  this  circuit  is  aato- 


Fio.  U7. — Aotomitic  Annunciator  for  BuletT  Ptutcutar* 

matically  disconnected  from  the  battery,  and  a  dn^ 
is  caused  to  fall  on  the  annunciator  board,  indicating 
the  particular  circuit  that  has  thus  been  discc»inected. 
A  device  of  this  character  is  represented  in  Fig.  227. 


ELECTRIC     HEATING 


CHAPTER  XXVII 

ELECTRIC     HEATING    OF     BARE    AND     COVERED   CON- 
DUCTORS 

"I  know  not  where  is  diat  Promethean  heat." 

—Othello,  Act  V,  Scene  II 

A  DEFINITE  quantity  of  work  must  be  done 
or  energy  expended  in  order  to  raise  the 
temperature  of  a  pound  of  water,  or  any 
other  kind  of  ordinary  matter,  through  say  one  de- 
gree of  the  thermometric  scale.     As  in  all  other  ^^,^1,^,, 
cases  of  work  done  or  energy  expended,  this  energy  SS^ 
is  capable  of  being  expressed  in  foot-pounds  or  inSJ^g^" 
joules.    In  the  case  of  water,  in  order  to  increase  the  *****  *""'' 
temperature  of  one  pound  of  water  one  degree  Fah- 
renheit, there  must  be  expended  on  the  water,  in 
order  to  set  the  molecules  into  the  to-and-fro  vibra- 
tions that  produce  heat,  an  amount  of  work  equal  to 
778  foot-pounds,  or  the  work  required  to  raise  778 
pounds  through  a  vertical  distance  of  one  foot. 
Since  the  joule  is  equal  to  0.738  foot-pounds,  this 
would  be  nearly  equal  to  one  pound  raised  through 
a  vertical  distance  of  nine  inches.     There  would, 
therefore,  require  to  be  expended  to  raise  the  tem-j^,^,^ 
perature  of  the  water,  as  above  indicated,  an  amount  JJJjJS^ 
of  work  equal  to  778  foot-pounds  divided  by  0.738, 
or  I,  055  joules. 

The  amount  of  work  that  is  required  to  increase 
the  temperature  of  the  water  is  perfectly  definite: 

(477) 
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778  foot-pounds,  or  1,055  joules,  will  increase  the 
temperature  of  one  pound  of  water  just  one  degree 
F.,  neither  more  nor  less.  This,  of  course,  is  on  the 
supposition  that  all  the  energy  is  expended  in  pro- 
ducing heat.  No  matter  what  may  be  the  origin  of 
the  work  or  energy  that  is  thus  expended,  whether 
it  be  mechanical,  chemical,  electrical,  or  magnetic, 
778  foot-pounds,  or  1,055  joules,  must  be  expended 
in  order  to  perform  the.  work  required  to  raise  the 
temperature  of  one  pound  of  water  through  one 
degree  F. 

Since  all  heated  bodies  impart  their  heat  to  the 
air  or  other  medium  surrounding  them,  if  a  given 
temperature  is  to  be  maintained  in  the  heated  body, 
there  must,  of  course,  be  a  constant  expenditure  of 
energy.  The  rate  at  which  energy  must  be  ex- 
pended for  this  purpose,  that  is,  the  activity  as  it 
is  called,  can  be  expressed  in  foot-pounds  per  sec- 
}^^^ioaoA  ond,  or  in  joules  per  second,  or  in  watts,  the  watt 
being  a  rate  of  doing  woiic  that  is  equal  to  0.738 
foot-pounds  per  second.  The  activity  or  rate  at 
which  a  given  amoant  of  water  escaping  frcmi  a 
reservoir  is  capable  of  doing  work,  such,  for  ex- 
ample, as  raising  the  temperature  of  a  given  mass 
of  water,  depends  on  the  quantity  of  water  which 
escapes  per  second,  and  on  the  distance  through 
which  it  passes  in  order  to  escape.  As  we  have 
already  seen,  there  is  a  similarity  in  the  case  of  a 
given  quantity  of  electricity  flowing  from  a  battery, 
d3mamo  or  other  electric  source,  and  water  escaping 
from  a  reservoir.  The  activity  of  the  electric  source, 
or  the  rate  at  which  it  is  capable  of  doing  work,  is 
equal  to  the  quantity  of  electricity  that  escapes  per 
second  multiplied  by  the  difference  in  the  level 
through  which  it  passes  in  order  to  escape.  In  other 
words,  the  coulombs  of  electricity  that  pass,  multi- 
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plied  by  the  difference  of  electric  level  or  pressure 
through  which  they  pass,  in  v(4ts,  give  a  quantity 
which  represents  the  electrical  activity.  In  other 
words,  the  activity  of  an  electric  source  can  be 
expressed  in  joules-per-second,  that  is,  in  watts. 
Now,  as  we  have  already  seen,  an  ampere  is  equal 
to  a  coulomb  per  second,  and  since  a  watt  is  a  volt- 
ampere,  it  is  evident  that  if  we  multiply  the  cou- 
lombs-per-second  by  the  volts,  we  will  get  an  ex- 
pression for  the  watts.  Since  the  watt  is  a  very 
small  quantity,  being  equal  only  to  thei^l^of  a  horse- 
power, it  is  convenient,  in  practice,  to  employ  a 
larger  unit  of  electric  power;  i.e.,  the  kilowatt,  or^^^^ 
a  thousand  watts.  Since  746  watts  equal  one  horse-  ^SZ 
power,  it  is  evident  that  there  will  be  in  1,000  watts  ^y,>#t 
1,000  divided  by  746,  or  about  1.34  horse-power. 
If,  therefore,  we  know  the  E.M.F.  that  is  driving 
the  electric  current  through  a  conductor,  and  we 
know,  moreover,  the  value  of  the  current  that  is 
passing  through  the  circuit,  the  product  of  these 
quantities  will  be  equal  to  the  activity  of  that  circuit 
per  second. 

In  order  to  determine  by  experiment  the  amount 

of  heat  that  will  be  imparted  to  a  given  quantity  of  ^^l^l^tcr 
water  by  the  passage  of  an  electric  current  through 
it  for  a  given  time,  an  instrument  called  an  electric 
calorimeter  may  be  employed,  as  was  done  fay  both 
Joule  and  Lenz.     Here  a  thin  wire,  N  M,  Fig.  228, 
of  known  electric  resistance,  is  placed  in  a  glass 
vessel  containing  a  given  quantity  of  water  or  other  SSSdg- 
liquid.    A  thermometer,  T,  placed  in  the  vessel  inJgJ'S^ 
the  manner  shown,  gives  the  temperature  of  the^^^ 
liquid,  both  before  the  current  is  passed,  and  after  S^eo/ST 
the  current  has  been  passing  through  the  liquid  for  J^^JJJS 
a  definite  time.    It  can  be  shown  by  experiments  that  S55*?f cuit, 
the  increase  in  temperature  of  the  water  or  other 
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liquid  SO  produced  by  the  passage  of  the  current  is 
proportional  to  the  resistance  of  the  conductor,  to 
the  square  of  the  current  strength  that  is  passing 
in  amperes,  and  to  the  time  during  which  the  cur- 
rent \\as  continued  to  pass. 

Since  a  diiFerence  of  pressure  or  E.M.F.  is  neces- 
Hotde-  sary  in  order  to  cause  a  current  to  flow  through  a 
^^{^d^  conductor  of  a  given  resistance,  this  fact,  thus  dem- 
KSSm?  onstrated  by  experiment,  is  only  another  way  of 
renl"^"  stating  that  the  passage  of  a  current  in  amperes, 
"*■  while  under  the  influence  of  a  given  pressure  or 


PiO.  isB.— Electric  Calorimeter,  Note  thil  the  ioitrument  ntdiljr 
yennlti  the  increue  In  tenperetun  of  the  nter  io  M,  produced  by 
the  pusisc  of  the  cuireot  for  ■  certua  time,  to  be  deteriDuied  bj  tte 


E.M.F.,  in  volts,  will  produce  a  given  rise  in  tem- 
perature, because  there  is  thus  expended  in  the  cir- 
tmi  a  given  number  of  watts-per-second.     A  diffi- 
culty is  often  experienced  in  understanding  why  the 
^ioa  heat  developed  by  a  current  is  proportional  to  the 
d^daped  square  of  the  current,  and  not  simply  proportional 
^MHtti.  to  the  current  itself.     Silvanus  P.  Thompson,  in  his 
work  on  "Electricity  and  Magnetism,"  thus  remarks 
concerning  this  fact : 

"The  second  of  the  above  laws,  that  the  heat  is, 
tateris  paribus  (other  things  being  equal),  propor- 
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tional  to  the  square  of  the  strength  of  the  current, 
often  puzzles  young  students,  who  expect  the  heat 
to  be  proportional  to  the  current  simply.  Such  may 
remember  that  the  consumption  of  zinc  is,  cateris 
paribus,  also  proportional  to  the  square  of  the  cur- 
rent; for,  suppose  that  in  working  through  a  high 
resistance  (so  as  to  get  all  the  heat  developed  out- 
side the  battery)  we  double  the  current  by  doubling 
the  number  of  battery  cells,  there  will  be  twice  as 
much  zinc  consumed  as  before  in  each  cell,  and  as 
there  are  twice  as  many  cells  as  at  first  the  con- 
sumption of  zinc  is  four  times  as  great  as  before** 

Another  method  of  lodking  at  this  question  is, 
perhaps,  simpler  to  those  who  are  able  to  employ 
a  little  easy  mathematics.  Bearing  in  mind  that 
the  heat  generated  is  proportional  to  the  niunber 
of  watts  expended  in  causing  the  current  to  flow 
through  the  circuit,  (W  to  CXE,  the  product  of  thcAoodicr 
current  in  amperes,  multiplied  by  the  KM.F.  in^S^St 
volts,  and  remembering  also  that  by  Ohm's  lawiaw. 

tiie  current  in  amperes  is  C=Kf  it  follows  that  E 

equals  CXR.  Consequently,  placing  the  value  of 
E^=CXR  in  equation,  CXE  equals  the  watts,  we 
get  CxCR=^he  watts,  or  C?R=the  watts.  In 
other  words,  the  power  required  to  overcome  the 
resistance  of  the  wire  is  equal  to  the  square  of  the 
current  multiplied  by  the  resistance.  This,  of 
course,  is  only  true  where  the  value  of  the  resistance 
remains  constant. 

When  a  given  E.M.F.  is  applied  to  a  circuit  in 
order  to  cause  a  current  to  flow  through  such  cir-^^^^ 
cuit,  and  thus  overcome  its  resistance,  a  certain  ^^"Jj 
drop  of  pressure  or  loss  of  E.M.F.  results.     Sup-^^u^^t 
pose  that,  in  the  case  of  a  given  conductor  or  wire,  ^^St 
this  drop  be  lo  volts,  and  that  a  current  flo^  «>««*uctor. 
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through  the  conductor  equal  to  lOO  amperes.  Then 
it  can  be  shown  that  the  number  of  watts  that  will 
be  developed  in  such  a  circuit  will  be  equal  to  the 
drop  of  ID  volts  multiplied  by  the  current  strength 
in  amperes.  In  other  words,  the  heat  activity  that 
will  be  developed  in  the  circuit  will  be  equal  to  the 
product  of  the  drop  in  volts  multiplied  by  the  cur- 
rent strength  in  amperes,  or  10X100=1,000  watts, 
or  I  K.W.  If,  therefore,  we  know  the  drop  of 
pressure  that  occurs  in  any  circuit,  and  the  current 
strength  that  is  passing  in  that  circuit,  it  will  only 
be  necessary  to  multiply  the  two  quantities  together 
in  order  to  obtain  the  heat  activity  in  watts,  or  the 
amount  of  heat  that  will  be  liberated  in  the  wire 
during  every  second  of  time. 

Let  us  now  inquire  as  to  the  temperature  that 
will  be  imparted  to  a  given  wire  or  conductor 
through  which  such  current  is  passing.     Since  the 
Sreo^    current  is  supplying  the  heat  to  the  wire  at  a  con- 
£e  pai^    stant  rate,  the  temperature  of  the  wire  will  steadily 
SieSriJ"  increase.     At  the  same  time,  however,  the  wire  is 
SSSh  a   giving  off  its  heat  to  the  air  or  other  medium  sur- 
cooductor.  j.Qunding  it.     Moreover,  the  amount  of  this  loss  will 
increase  the  greater  the  difference  of  temperature  be- 
tween the  wire  and  the  surrounding  medium.     Con- 
sequently, a  point  will  soon  be  reached  when  the 
amount  of  heat  imparted  to  the  wire  by  the  electric 
current  will  exactly  balance  that  imparted  by  the 
wire  to  the  medium  surrounding  it     At  this  point 
the  temperature  of  the  heated  wire  will  remain  con- 
stant or  steady. 

A  heated  wire  or  conductor  can  give  off  its  heat 
to  the  air  or  other  medium  surrounding  it  in  three 
different  ways.  In  the  first  place,  the  air  or  other 
medium  can  take  away  the  heat  from  the  wire  b^ 
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condnction.     This  will  be  especially  the  case  in  any 
undergrcmnd  cable,  where  the  conductor  is   sur-    - 
rounded  by  some  insulatii^  material  placed  within  ^^^^ 
a  lead  sheath  or  covering.     Where  the  wire  is  sur-  Snduior 
rounded  by  air  or  water,  the  differences  of  tempera-  SjiISu 
tnre  set  up  currents  in  the  air  or  water,  called  con- 
vection currents,  whereby  the  heat  is  rapidly  carried 
away  from  the  conductor ;  for  the  cooler  portions  of 
the  air  are  constantly  being  brought  into  contact 
with  the  surface  of  the  heated  conductor.     Besides 
the  loss  of  heat  by  conduction  and  convection,  there  uoS^lSa- 
is  an  additional  method;  viz.,  by  radiation,  by  which I^^^J2iia. 
the  heated  conductor  can  give  its  heat  energy  to  the  ^*°"' 
medium  surrounding  it.      In   radiation,  the  heat 
passes  off  from  the  hot  body  in  all  directions,  just 
as  in  an  incandescent  lamp  both  heat  and  light  are 
radiated  or  given  off  by  the  glowing  filament. 

It  will  be  evident  that  the  temperatiu"e  which  a 
wire  or  conductor  will  attain  will  depend  on  the 
rapidity  with  which  it  is  able  to  lose  the  heat  im-  ^^^ 
parted  to  it  by  the  electric  current  in  one  or  another  p£^*Sm 
of  these  three  different  ways.  It  will,  evidently, 
also  depend  on  the  condition  of  the  wire  as  to 
whether  it  is  bare  or  covered. 

In  the  case  of  the  loss  of  heat  by  radiation,  the 
ability  of  the  wire  to  give  off  its  heat  will  also  de- 
pend on  a  number  of  different  circumstances,  such, 
for  example,  as  the  dimensions  of  the  wire,  which  ^   ^. . 

*  .  ,  -  .  T    Conditions 

determine  the  extent  of  the  radiating  surface.     It  jjjjjjj^cinir 
will  also  greatly  depend  on  the  .character  of  the  sur-  io«««- 
face,  whether  it  be  rough  or  smooth,  polished  or 
dull,  a  rough,  unpolished  surface  losing  its  heat 
much  more  rapidly  than  a  smooth  or  polished  sur- 
face. 

But  there  is  evidently  a  still  more  important  cir- 
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Influence 
of  resi** 
tance  on 
temperap 
ture  ele- 
vation. 


cumstance  that  determines  the  temperature  to  which 
a  given  current  strength  may  be  able  to  raise  a  wire 
or  conductor,  and  this  is  on  the  value  of  its  resist- 
ance per  unit  of  length.  The  passage  of  a  given 
current  strength  through  a  given  resistance  will  re- 
sult in  the  liberation  of  a  certain  quantity  of  heat, 
but  so  far  as  the  temperature  elevation  is  concerned, 
it  is  evident  that,  since  a  short,  thin  piece  of  wire  of 
a  certain  substance  may  have  the  same  electric  re- 
sistance as  a  long,  stout  wire  of  some  other  conduct- 
ing substance,  the  liberation  of  the  same  quantity 
of  heat  in  these  two  different  conductors  will  nec- 
essarily result  in  a  far  higher  temperature  for  the 
small,  thin  conductor  than  for  the  long,  thick  con- 
ductor, and  this  is  especially  the  case  since  the  sur- 
faces from  which  the  conductor  loses  its  heat  are 
much  greater  in  the  latter  than  in  the  former  case. 


Necessity 
for  high 
conducting 
power  in 
transmi»> 
sion  cir- 
cuits. 


For  this  reason,  where  it  is  desired  that  a  high 
temperature  elevation  shall  be  produced  by  the  pas- 
sage of  a  given  current  strength,  as  in  the  case  of 
electric  heaters,  it  is  only  necessary  to  employ  a  com- 
paratively short  conductor  of  small  diameter,  com- 
posed of  a  substance  whose  power  of  conducting  per 
unit  of  length  is  comparatively  small.  Of  course, 
all  electric  energy  converted  into  heat  eneiigy  ceases 
to  be  of  value  as  electric  energy.  Consequently,  in 
the  case  of  a  transmission  circuit,  where  electric 
energy  is  generated  at  one  end  of  the  line,  and  is 
to  be  employed  at  the  other  end,  care  must  be  taken 
to  lose  as  little  of  the  energy  during  transit  as  pos- 
sible. For  this  purpose,  good  conductors  are  re- 
quired to  be  employed,  between  the  electric  source 
and  the  electric  heater,  so  that  the  resistance  to  be 
overcome  shall  be  as  small  as  convenient.  More- 
over, their  area  of  cross-section  is  increased  up  to 
certain  limits. 
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In  most  of  the  cases  of  electric  transmission  of 
current,  the  reason  for  keeping  the  resistance  as  low 
as  possible  will  be  evident,  since  the  lower  the  re- 
sistance, the  smaller  will  be  the  drop  of  pressure  in 
the  circuit,  and,  consequently,  the  smaller  the  lossSltSlU 
of  energy  from  the  conversion  of  electric  into  heat  miiSST 
energy.     In  the  next  place,  as  the  temperature  of  the  SbSfkfbe 
wire  or  conductor  increases,  its  resistance  increases,  ^^  ^^' 
and,  consequently,  the  loss  during  transmission  in- 
creases.    Finally,  in  nearly  all  cases,  it  is  dangerous 
to  permit  the  temperature  of  the  conductors  to  in- 
crease beyond  a  certain  limit,  since  too  high  a  tem- 
perature of  the  conducting  wire  may  produce  damage 
from  fire. 

The  current  strength  that  can  be  safely  permitted 
to  pass  through  a  given  wire  or  conductor  is  some- 
times regarded  as  that  current  strength  which  will 
not  increase  the  temperature  of  the  wire  beyond  that 
at  which  the  wire  can  be  grasped  in  the  hand  for 
one  minute  without  inconvenience.  The  limit  of 
temperature,  however,  will  necessarily  vary  accord- 
ing to  the  location  of  the  wire  and  its  surroundings.  Safe  umiu 
In  the  case  of  an  underground  wire  placed  in  a  terra-  ^SJ^m 

«    .  1     4  •    4  «      lor  trans 

cotta  conduit,  a  much  higher  temperature  may  bemiarion 
safely  imparted  to  the  wire  than  in  the  case  of  a^"*" 
conductor  passing  through  wooden  molding.  But 
even  though  in  the  terra-cotta  conduit  an  increase 
in  temperature  might  safely  be  permitted  so  far 
as  the  conduit  itself  is  concerned,  yet  it  is  clear 
that  there  will  be  a  limit  here  which  will  be  reached 
when  the  temperature  will  begin  to  injure  the  char- 
acter of  the  india-rubber,  gutta-percha,  or  other  in- 
sulation employed,  which,  as  is  well  known,  is  injuri- 
ously affected  by  a  high  temperature.  Moreover,  in 
the  case  of  an  underground  conduit,  a  danger  might 
exist  from  the  tendency  of  an  overheated  conductor 
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to  explode  the  mixture  of  illuminating  and  sewer 
gas  that  is  apt  to  be  found  in  underground  conduc- 
tors that  pass  through  the  streets  of  large  cities. 

The  time  required  for  a  wire  to  attain  its  steady 

or  full  temperature  after  the  fulHoad  current  has 

been  passed  through  it  will,  as  we  have  seen,  depend 

on  the  character  and  position  of  the  wire.     In  the 

case  of  a  wire  suspended  in  the  air,  it  wiH  acquire 

JiSJd  for  within  95  per  cent  of  its  full  temperature  some  two 

to  acqSre   miuutcs  after  the  full-load  current  has  been  applied 

s^fadVt^-  to  its  terminals.     If  immersed  in  water,  the  wire 

p*'*^"'^-    ^iii  require  a  much  longer  time,  some  ten  minutes 

being  required  for  this  purpose.      Wires  running 

through  wooden  moldings  do  not  reach  their  full 

temperature  until  some  fifteen  minutes  after  the  full 

current  strength  has  been   passed  through  them, 

while  wires  buried  in  the  ground  may  require  as 

long  as  twenty  minutes  before  reaching  their  full 

temperature. 
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CHAPTER  XXVIII 

FUSE    WIRES 

"The  search  for  a  satisfactory  fuse  metal  seems  now  to  be 
directed  toward  such  metals  as  aluminium,  cadmium,  tin, 
zinc,  and  those  of  a  similar  nature,  or  their  alloys.  A  simple 
metal  is,  however,  more  desirable  for  this  purpose,  unless  the 
alloy  possesses  features  which  can  not  be  obtained  otherwise. 
Since  the  desired  metal  must  be  cheap,  aluminium  and  zinc  at 
once  become  most  attractive.  Both  possess  the  desired  con- 
ductivity, and  melting  point,  and  their  vapors  have  the  desired 
high- resistance  property  which  is,  no  doubt,  due  to  their  ex- 
tremely rapid  oxidation." — Fuse  Protective  Devices:   Sachs 

IN  the  early  history  of  the  art  it  was  believed  that 
the  introduction  of  electric  lighting  into  houses 
would  necessarily  be  limited  by  the  fire  risks 
arising  from  the  accidental  passage  of  heavy  cur- 
rents of  electricity  through  the  conducting  wires 
raising  them  to  bright  incandescence.     Such  fears,  cfewed «« 
however,  have  not  been  realized  in  actual  practice,  «^gjjc 
since  careful  wiring,  together  with  the  employment  a«u^  if 
of  the  exceedingly  simple  and  well-known  electro- w«*ii«d 
thermal  safety  device  called  the  safety  fuse  or  safety  t«ctcd. 
catch  has  entirely  removed  all  such  danger.      This 
protection,  however,  is  only  ensured  when  certain 
precautions  of  construction,  etc.,  are  taken, 

A  safety  fuse  or  safety  catch,  as  its  name  indi- 
cates, consists  of  a  strip,  bar,  or  plate  of  some  read- 
ily fusible  alloy  or  metal,  that  will  automatically 
fuse  on  the  passage  of  an  abnormal  current  strength,  SiS  or 
which  might  otherwise  dangerously  affect  the  rest  of  ******^ 
the  circuit.  There  are  a  number  of  substances  that 
may  be  employed  as  a  material  for  safety  fuses. 
They  must,  however,  all  possess  a  higher  resistance 
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per  unit  of  length  than  that  of  which  the  rest  of  the 
circuit  is  formed;  and,  moreover,  they  should  have 
a  low  point  of  fusion.  If  the  material  of  which 
the  fuse  wire  is  composed  is  such  that  a  short  thin 
piece  in  the  form  of  a  wire  or  conductor  has  a  re- 
sistance much  greater  than  that  of  an  equal  length 
of  the  rest  of  the  circuit,  the  passage  of  a  current 
will  develop  in  the  fuse  wire  so  much  heat  in  a  small 
space  that  it  will  acquire  a  temperature  sufficiently 
Stf^of  high  to  fuse  the  wire,  and  thus  automatically  break 
safety  fuse,  ^j^^  circuit.  It  will  be  impossible,  therefore,  under 
these  circumstances,  for  a  dangerous  current  to 
exist  for  any  time  on  the  circuit.  It  is  a  fortunate 
circumstance  that  so  simple  a  device  is  capable  of 
acting  in  so  satisfactory  a  manner.  The  materials 
generally  employed  for  safety  fuses  ccnisist  of  alloys 
of  lead  and  tin,  these  alloys  varying  in  proportion 
from  33  J4  per  cent  to  80  per  cent  of  lead- 
It  is  customary  to  insert  safety  fuses  at  all  points 
in  circuits  where  the  wires  decrease  in  size,  the  fuse 
being  inserted  in  the  circuit  of  the  smaller  wire. 
Short  pieces  of  cylindrical  fuse  wire  are  employed 
for  such  purposes,  the  ends  of  the  wires  being 
wrapped  around  suitable  binding  posts.  Frequently, 
however,  in  order  to  ensure  a  better  contact  of  the 
g^^ljj^  safety  fuse  wire  to  the  circuit,  the  fuse  wires  are 
replaced  by  strips  of  fusible  alloy,  that  are  soldered 
to  two  copper  terminals.  These  terminals  are  pro- 
vided with  slots  for  the  ready  insertion  of  the  fuse 
in  the  circuit.  Such  a  form  of  fuse  is  generally 
styled  a  fuse  link,  in  order  to  distinguish  it  from  a 
simple  fuse  wire.  Several  forms  of  fuse  links  are 
represented  in  Fig.  229. 

Since,  when  a  fuse  wire  melts  or  blows,  it  may 
scatter  the  molten  globules  in  all  directions,  it  is  nec- 
essary to  enclose  the  wire  in  a  box  of  porcelain,  or 
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some  other  incombustible  material.  Such  blocks 
are  called  fuse  blocks.  Where  powerful  currents  are 
employed,  in  order  to  prevent  a  voltaic  arc  from 


Fig.  229, — Safety  Fuse  Link.    Note  the  U-shaped  terminals  provided 
^or  ensuring  the  ready  insertion  of  link  in  circuit  to  be  protected. 

being  formed  across  two  contiguous  conductors  on 
both  of  which  fuse  wires  are  placed,  the  fuse  block  £o?^iJy. 
is  provided  with  a  ridge  for  the  purpose  of  separat-  SS^ 
ing  these  two  parts  of  the  circuit  from  one  another. 


Fzo.  330. — Enclosed  Safety  Fuse  in  Porcelain  Block.  Note  the  spaces 
provided  for  the  two  main  conductors  with  the  separating  porcelain 
ridge  R,  R. 

A  fuse  block,  provided  with  a  porcelain  ridge,  is 
represented  in  Fig.  230,  where  two  separate  fuse 
wires  are  shown  as  connected  to  two  branches  of 
the  circuit,  these  two  being  separated  from  each 
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Other  by  the  ridge  of  porcelain  shown  in  the  figure. 
When  such  a  porcelain  block  is  provided  with  its 
cover,  the  two  circuits  are  completely  isolated  from 
each  other. 


Fig.  131.— Endoocd  Fuse  Wire  for  Ekctric  Motor. 

A  form  of  fuse  or  cut-out,  provided  for  the  pro- 
tection of  an  electric  motor,  is  shown  in  Fig.  231. 
Here  a  fuse  wire,  cylindrical  in  shape,  is  placed  m 
a  channel  formed  in  the  cover  of  the  box.  This 
position  of  the  fuse  wire  possesses  the  advantage  of 
permitting  it  to  be  safely  replaced  without  danger 
from  the  current.  In  addition,  the  curved  shape  of 
the  channel  renders  the  formation  of  the  arc  on  the 
blowing  of  the  fuse  much  less  likely  to  oteur. 


PlO.  Jjj.— EdUon  FuK  Plug  t 

The  enclosed  fuse  was  first  introduced  into  the  art 
EdtooD      by  Edison  in  the  form  of  the  fuse  wire  or  pli^ 
luK  wire,   placed  in  the  base  of  his  incandescent  lamp,  as  rep- 
resented in  Fig.  232.    Edison  patented  the  enclosed 
fuse  wire  on  May  4,  1880.    The  construction  here 
shown  possesses  the  advantage  that  the  mere  intro- 
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duction  of  the  lamp  into  its  socket  places  the  fuse 
wire  in  the  circuit.  Such  a  form  of  cut-out  is  gen- 
erally called  a  plug  cut-out. 

In  addition  to  enclosing  the  safety  wire  in  a  pro- 
tecting covering  or  sheath,  it  has  been  found  neces- 
sary, in  order  to  ensure  the  greatest  safety,  to  sur- 
round the  fuse  wire  by  a  jacket  or  sheathing  filled 
with  some  porous  or  other  similar  material,  such  as 
chalk.    Such  a  fuse  wire  is  called  a  cartridge  fuse.  Dui«f«»ee 
It  differs  from  an  enclosed  fuse  in  that  the  latter  may  SmJSSe 
only  contain  air.     Where  a  fuse  is  enclosed  in  aJjJSan!* 
space  that  is  filled  with  air  only,  when  the  fuse  wire  fSaaH^ 
is  blown,  an  abnormal  increase  in  the  air  pressure  in 
the  enclosed  tube  is  produced  by  the  heating,  and 
consequent  expansion,  of  the  enclosed  air.    This  may 
be  sufficient  to  produce  an  explosion  of  the  fuse  box, 
and  a  scattering  of  the  molten  fuse  metal.    When, 
however,  the  fuse  wire  is  surrounded  by  such  a  ma- 
terial as  powdered  chalk,  the  enclosed  gases,  instead 
of  rapidly  expanding,  pass  through  the  mass  of  the 
enclosing  material  and  rapidly  give  up  their  heat  to 
the  same.    The  fuse  box,  however,  must  not  be  too cic^dfises 
tightly  packed  with  this  material,  since  that  might  S!f to  "^ 
result  in  the  molten  metal  being  held  in  position,  and  **p*"**' 
thus  failing  to  break  the  circuit  the  fuse  was  de- 
signed to  protect.     This  may  be  avoided  by  not 
packing  the  box  so  tightly  with  the  material,  and 
affording  spaces  through  which  the  expanded  air 
may  be  permitted  to  escape.    Asbestos  has  been  suc- 
cessfully employed  as  a  packing  material. 

The  necessity  for  enclosing  the  safety  fuse  is  thus 
explained  by  Joseph  Sachs,  in  a  paper  read  before  ^cu^ 
the   American    Institute   of   Electrical    Engineers, '^ ''"*^ 
March  28,  1900: 

"Notwithstanding  the  many  statements  to  the 

contrary,  no  similar  electrical  device  is  based  on 

Vol  111.-22 
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simpler,  or  even  as  simple,  operating  principles  as 
the  thermal  cut-out,  as  it  may  properly  be  called. 
The  generation  of  heat  in  any  current-carrying  con- 
ductor is  a  well  understood  phenomenon.  The  rise 
of  temperature  in  this  conductor,  due  to  the  heat 
energy  imparted  to  it,  is  governed  by  well-known 
conditions.  If  these  conditions  could  be  made  fixed 
instead  of  constantly  varying  quantities,  accuracy 
and  certainty  of  action  would  result. 

"The  heat  energy  imparted  to  a  section  of  con- 
ductor by  a  certain  current  flowing  for  a  definite 
time  is  a  fixed  quantity.  The  temperature  attained 
in  this  conductor  depends  simply  on  how  much  of 
Tcmpcn.  ^his  heat  energy  is  thrown  from  the  conductor  dur- 
VaUoDof  ing  that  particular  time  interval.  It  is  entirely 
conductor.  Qbyious,  cvcu  without  the  various  experimental  in- 
vestigations on  this  point,  that  any  condition  that 
varies  the  amount  of  heat  energy  taken  from  the 
conductor,  varies  the  temperature  attained,  and 
hence  the  carrying  capacity  of  the  conductor,  since 
the  melting  of  the  metal  is  dependent  thereon.  The 
several  ways  in  which  this  heat  is  dissipated  from 
the  ordinary  air-exposed  fuse  conductor  is  entirely 
familiar  to  all  electrical  engineers,  but  fuses  always 
have  been,  and  are  now,  and  in  the  case  of  open-air 
fuses  probably  always  will  be,  used  indiscriminately 
without  regard  to  these  simple  facts,  and  yet  con- 
stancy and  accuracy  are  expected. 

"Perhaps  even  more  serious,  however,  than  accu- 
racy is  the  lack  of  safety  in  the  ordinary  exposed 
Danger*  fuse.  On  this  score  a  multitude  of  transgressions 
ei^Swdf*^  are  heaped  up  against  fuse  devices  of  such  types  as 
have  been  in  use  a  dozen  years  on  nearly  all  classes 
of  high  and  low  voltage  services.  No  exposed  fuse 
is  safe  (considered  from  the  standpoint  of  fire  hazard 
to  its  surroundings).  The  destructive  and  dan- 
gerous arcing  of  all  exposed  fuses  when  ruptured 
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by  excess  cnrrent,  and  particularly  short-circuit  con- 
ditions at  the  higher  potential,  must  be  entirely  and 
not  partially  eliminated  before  the  fusible  cut-out 
can  be  considered  a  perfectly  satisfactory  protective 
device.  Even  when  a  fireproof  housing  is  provided, 
safety  is  not  absolutely  assured.  This  serious  objec- 
tion to  all  open  fuses  is  becoming  more  rather  than 
less  serious  in  its  aspects  in  view  of  the  introduction 
of  higher  potentials  and  enormous  generating  ca- 
pacities. 

"Aside  from  the  shortcoming  already  stated,  air- 
surrounded  fuses  have  other  failings,  prominently 
among  which  is  the  oxidation  of  the  metal  when  sub- 
jected to  heat,  to  which  probably  as  much  of  the  un-  SSJdfJises 
reliability  of  such  fuses  may  be  attributed  as  to  the  STtoJ^n 
conditions  already  stated.     The  formation  of  an  en-  *  ""*"'' 
closing  envelope  of  oxide  around  the  commonly  used 
lead-tin  alloy  fuse  wire  is  in  many  instances  sufficient 
to  hold  the  metal  in  a  molten  condition.  The  effect  of 
such  a  condition  is  entirely  obvious  and  well  appre- 
ciated.   The  ease  with  which  the  cross-section  of  ex- 
posed fuses  may  be  decreased  by  accident  or  other- 
wise; the  position  of  the  fuse,  whether  vertical  or 
horizontal,  the  straight  or  irr^fular  arrangement  of 
the  strip  between  its  terminals,  and  the  contact  be- 
tween the  fuse  and  circuit  contacts:  all  have  their 
effects  on  the  carrying  capacity  and  are  deficiencies 
well  understood  and  thoroughly  appreciated.    It  is 
true  that  the  use  of  a  strip  of  fuse  wire  between  ter- 
minals of  better  conducting  metal  would  partially 
eliminate  some  of  these  bad  features  if  an  abso- 
lutely   standard   length   between   contact  posts   or  for  can  in 
screws  were  assured,  but  the  loose  practice  of  the  Sm  and 
past  did  not  indicate  any  appreciation  of  the  fact^ei^m 
that  any  piece  of  porcelain  having  several  brass 
stampings  or  castings  mounted  upon  it  is  not  neces- 
sarily a  safe  and  accurate  mounting  for  the  simple 
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yet  delicate  device  whose  exactness  of  operation  can 
only  be  arrived  at  by  definitely  fixing  all  the  condi- 
tions upon  which  its  action  depends." 

Considerable  inconvenience  may  result  from  a 
fuse  blowing  at  too  slight  an  increase  in  the  current 
strength  beyond  that  which  the  circuit  is  intended 
normally  to  carry.  In  order  to  avoid  this,  it  is  quite 
common  to  employ  fuses  on  the  circuit  whose  carry- 
to^Aquire-ing  Capacity  varies  from  30  to  50  per  cent  beyond 
3fid?nt'  that  of  the  current  of  full  load.  It  is  not  an  easy 
safety  fiuet  jjj^tter,  howcvcr,  to  obtain  a  fuse  metal  or  alloy  that 
will  promptly  blow  or  fuse,  under  all  conditions,  as 
soon  as  the  current  strength  in  the  circuit  has  reached 
the  predetermined  point.  In  the  first  place,  it  ap- 
pears that  occasionally  changes  occur  in  the  charac- 
ter of  the  alloy,  which  produce  slight  changes  in  its 
point  of  fusion.  Then,  again,  the  fused  metal  may 
remain  for  some  time  in  a  condition  in  which  it  is 
capable  of  conducting  the  current  before  an  abso- 
lute volatilization  or  blowing  of  the  fuse  occurs, 
which  will  ensure  the  breaking  of  the  circuit.  In 
order,  however,  for  any  fuse  to  ensure  safety  to  the 
circuit  in  which  it  is  placed,  it  should  act  promptly, 
and  should  possess  the  same  fairly  low  fusing  point 
when  first  placed  on  the  circuit  as  it  does  at  a  much 
later  time.  Moreover,  arrangements  should  be  made 
so  that  the  permanency  of  the  contacts  are  ensured. 
C.  P.  Matthews,  in  a  paper  on  "Fuse  Metals,"  read 
before  the  American  Institute  of  Electrical  Engi- 
neers, remarks  as  follows  on  some  of  these  points : 

"Promptness  of  action  requires  that  the  tempera- 
ture of  fusion  should  not  be  too  far  removed  from 
on  prompt-  that  attained  when  the  wire  is  being  woriced  at  its 
•ctionof     rated  capacity.     Moreover,  it  is  important  that  the 
metal  should  not  undergo  chemical  changes  pro- 
duced by  the  action  of  the  heat,  which  may  appre- 
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ciably  alter  its  metting  point.  The  formatioa  of 
oxides  may  or  may  not  fx-omote  prompt  fttsion.  In 
the  case  of  pure  tin  and  some  of  its  alloys,  a  coatii^ 
of  oxide  is  often  formed  which  retains  the  molten 
metal  some  time  after  the  temperature  of  'fusion  has 
been  passed,  ultimate  rupture  usually  occurring  with 
considerable  violence.  On  the  contrary,  the  rafHd 
oxidation  of  iron  and  copper  wires  seems  to  favor 
prompt  fusion. 

'The  question  of  low  fusing  point  is  one  with 
which  the  fire  underwriters  are  concerned,  since 
wires  fusing  at  high  temperatures  introduce  an  ele- 
ment of  danger  from  fire.     With  fuses  enclosed  in  S«2^£ 
properly  constructed  blocks,  the  danger  from  this  STnt^Sf"' 
source  is  not  great,  and  the  necessity  of  employ ing  S'SJ^ 
a  metal  of  low  melting  point  is  not  so  important  as 
might  be  imagined.     Experience  shows  that  fuses 
made  of  nearly  all  the  metals  available  for  such  pur- 
pose will  melt  without  dangerous  scattering  of  par- 
ticles or  liberation  of  hot  gases,  when  the  current  is 
gradually  increased  until  the  break  occurs.     This, 
however,  is  a  condition  which  rarely  obtains  in  prac- 
tice." 

It  has  been  observed  in  practice  that  at  times  the 
position  of  a  fuse  wire  apparently  influences  the  tem- 
perature at  which  it  will  fuse    and  automatically 
break  the  circuit.     For  example,  some  fuse  wires  in 
a  horizontal  position  apparently  possess  a  higher  paUore 
temperature  of  fusion  than  in  a  vertical  position.  fj[^^ 
A  little  thought,  however,  will  show  that  this  isS^'' 
not,  in  reality,  the  case,  the  true  explanation  being 
that,  when  a  vertically  placed  fuse  wire  melts,  the 
metal  instantly  runs,  and  thus  tends  to  break  the 
circuit,  while,  in  the  case  of  a  horizontally  placed 
wire,  the  liquid  metal  may  remain  for  somt  time  in 
place,  and  thus  afford  a  conducting  path,  giving  the 
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impression  that  the  fuse  has  not  melted.  Of  course, 
it  would  be  possible,  should  such  be  desired,  to  em- 
ploy a  blow-out  magnet  for  ensuring  the  separation 
SfSf?**  of  the  molten  metal  on  the  passage  of  a  dangerous 
22^2?  current,  thus  ensuring  the  separation  of  an  impor- 
tant fuse  in  any  system  of  distribution.  In  a  car- 
tridge fuse,  where,  as  already  pointed  out,  the  ma- 
terial placed  inside  the  fuse  box  entirely  surrounds 
the  fuse  wire,  the  automatic  breaking  of  the  fuse 
may  readily  be  interfered  with.  Where,  however,  the 
temperature  of  the  fuse  was  so  suddenly  and  greatly 
increased  as  to  produce  a  true  deflagration  of  the 
fuse  metal,  the  vapors  that  are  thus  suddenly  liber- 
ated would,  in  most  cases,  be  sufficient  to  scatter 
the  particles  in  all  directions. 

At  a  National  Conference  on  Standard  Electrical 

SSl^iSs  Rules,  held  in  New  York  City,  March  i8  and  19, 

nIu?^'*'^  1896,  the  following  rules  were  adopted.     They  will 

coa^enoe  j^  interesting  as  indicating  the  view  then  generally 

held.    According  to  these  rules  fuse  wires: 

"a.  Must  have  contact  surfaces  or  tips  of  harder 
metal  having  perfect  electrical  connection  with  the 
fusible  part  of  the  strip. 

"b.  Must  be  stamped  with  about  eighty  per  cent 
of  the  maximum  current  they  can  carry  indefinitely, 
thus  allowing  about  twenty-five  per  cent  overload 
before  fuse  melts. 

"With  naked  open  fuses,  of  ordinary  shapes  and 
not  over  500  amperes  capacity,  the  maximum  cur- 
rent which  will  melt  them  in  about  five  minutes 
may  be  safely  taken  as  the  melting  point,  as  the 
fuse  practically  reaches  its  maximum  tempera- 
ture in  this  time.  With  larger  fuses  a  longer  time 
is  necessary. 

"Enclosed  fuses,  where  the  fuse  is  often  in  contact 
with  substances  having  good  ccMiductivity  to  heat. 
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and  often  of  considerable  volume,  require  a  much 
longer  time  to  reach  a  maximum  temperature  on 
account  of  the  sturounding  material  which  heats  up  mh^^' 
slowly.  SSS" 

*V.    Fuse  terminals  must  be  stamped  with  the^** 
maker's  name»  initials,  or  s<xne  known  trademark/'  "^^ 
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CHAPTER  XXIX 

ELECTRIC   HEATERS 

"And  then  to  breakfast  with 
What  appetite  you  have." 

—King  Henry  VIII,  Act  III,  Scene  II 

THE  electric  heater  is  a  device  whereby  the 
energy  of  an  electric  current  is  caused  to 
expend  itself  in  raising  the  temperature  of 
a  conductor,  under  circumstances  which  permit  such 
conductor  readily  to  give  up  its  heat  to  the  air  or 
other  meditun  surrounding  it.  Electric  heaters  pos- 
sess many  points  of  advantage  oyer  other  methods 
for  the  artificial  production  of  heat.  In  the  first 
ufeluiTan.  placc,  the  time  required  for  a  conductor  to  acquire 
^^d^  its  maximtun  temperature  after  a  full-load  current 
hSm.  has  been  applied  to  its  terminals,  is  quite  small,  be- 
ing only  a  few  njinutes  at  the  most.  Then,  in  the 
next  place,  the  efficiency  of  an  electric  heater  is  ex- 
tremely high,  in  fact,  higher  than  that  of  any  other 
electric  device.  Practically  all  the  energy  present 
in  an  electric  current  is  capable  of  being  converted 
into  heat  energy,  so  that  the  efficiency  of  an  electric 
heater  can  be  made  practically  equal  to  unity. 

As  far  as  the  amount  of  heat  energy  that  can  be 
obtained  from  a  pound  of  coal  or  other  fuel  is  con- 
cerned, the  ordinary  method  of  causing  it  to  give 
up  its  energy  as  heat  in  the  common  fire  or  stove 
must  evidently  be  far  more  economical  than  any 
method  for  first  converting  this  energy  into  mechan- 
ical motion,  then  into  electric  eneiigy,  and,  finally. 
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into  heat  energy ;  for,  in  all  such  cases,  there  is  nec- 
essarily a  great  loss  in  the  numerous  transformations 
that  occur.     In  the  first  place,  only  a  part  of  the 
heat  is  transferred  from  the  fire  under  the  boilers  to 
the  water  in  the  boilers.     In  the  second  place,  a  loss 
occurs  in  transforming  the  heat  energy  in  the  steam 
into  the  mechanical  energy  of  the  steam  engine.  SS^^ary 
Then,  again,  another  loss  occurs  in  the  transf orma-  SSS  £** 
tion  of  the  mechanical  energy  into  electric  energy ;  £J^^ 
while  still  another  loss  occurs  in  carrying  the  electric  h^t  ^Jgy 
energy  from  the  generator  to  the  points  where  the  S^SyT 
electric  heaters  are  situated.     It  is  not  probable, 
therefore,  where  the  heat  energy  is  derived  through 
the  intervention  of  a  steam  engine,  that  electric  heat- 
ers will  ever  be  employed  for  the  heating  of  large 
buildings,  or  even  possibly  for  the  heating  of  houses, 
during  such  parts  of  the  year  that  considerable  heat 
is  required  to  be  developed  continuously.     In  the 
case  of  cheap  water  power,  a  different  state  of  affairs 
might  readily  exist. 

There  are  circumstances,  however,  under  which 
electric  current,  even  when  obtained  from  steam  en- 
gines, can  be  econcwnically  employed  to-day  for  elec- 
tric heating.  Wherever  a  comparatively  small  quan- 
tity of  heat  is  required  for  but  a  limited  time,  the 
ease  with  which  an  electric  heater  can  be  turned  on  ^  . 
or  off,  and  the  small  bulk  which  it  can  be  made  to  trie  itovc 

or  heftter 

occupy,  enable  it  successfully  to  compete  with  thejjj^^B 
ordinary  stove.  For  example,  suppose  it  be  required  coai  fir% 
to  make  a  cup  of  coffee;  instead  of  building  a  fire 
in  a  range  or  cooking  stove  capable  of  cooking  an 
entire  dinner,  merely  for  the  purpose  of  boiling  the 
small  quantity  of  water  required  in  making  the  cof- 
fee, an  electric  heater  can  be  employed,  occupying 
an  exceedingly  limited  space,  an  electric  current  can 
be  turned  through  its  coils,  which  acquire  their  full 


600 


ELEOTRIOITY  IN  SVBBT'DAT  UFE 


temperature  in  a  few  minutes^  and  as  soon  as  the 
boiling  of  the  water  is  ccunpleted,  which  in  all  will 
require  but  a  short  time,  the  current  can  be  turned 
off,  and  thus  a  further  expenditure  of  enei^  saved; 
while,  in  the  case  of  the  stove,  the  fire  must  prac- 
tically bum  itself  out 

Then,  too,  the  occasional  heating  of  a  room,  such 
as  a  bathroom  or  breakfast-room,  for  a  half-hour 
tt^^nte  or  so,  during  parts  of  the  year  when  the  weather  is 
not  very  cold,  can  be  more  conveniently,  and,  indeed, 
even  as  ecc»iomically,  effected  by  electric  heating  as 
by  the  heating  of  a  heater  or  by  a  hot  water  system. 


electric 
heater. 


Advas- 
Ufire«_ 


electric 
heatcn. 


The  many  conveniences  possessed  by  electric  heat- 
ing over  ordinary  heating  have  naturally  caused  it 
to  increase  during  the  past  few  decades.  This  is 
especially  the  case  where  systems  of  incandescent 
lighting  are  employed.  The  small  space  in  which 
an  electric  heater  is  capable  of  being  placed,  and  the 
readiness  with  which  it  can  be  moved  about,  give  to 
it  advantages  which  will  appear  more  evident  when 
we  come  to  discuss  some  of  the  many  practical  ap- 
plications of  this  system  of  artificial  heating. 


beaten  vx. 
sasoroil 


Before  pnxreeding  to  the  discussion  of  the  many 
applications  of  electric  heaters,  it  may  be  well  at  this 
point  to  call  attention  to  the  fact  that  the  advantages 
claimed  for  the  electric  heater,  so  far  as  the  ability 
to  start  and  stop  the  heater  is  concerned,  aiq>ly  with 
equal  force  to  the  case  of  ordinary  heating  fay  gas 
or  oil.  There  is,  however,  this  fact  in  favor  of  elec- 
tric heating;  vis.,  in  the  case  of  heating  by  gas  or 
oil,  the  products  of  combustion  tend  to  vitiate  the 
air  of  the  room  in  whidi  the  heating  is  carried  on, 
unless,  of  course,  a  chimney  is  provided;  while,  in 
the  case  of  electric  heating,  this  objection  is  entirely 
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removed,  since  the  electric  heater  in  no  way  vitiates 
the  air  of  the  room  in  which  the  heating  is  taking 
place. 

The  electric  heater  for  heating  the  air  of  a  rocmi 
or  car  is  of  exceedingly  simple  construction.  It  is 
formed  of  a  coil  or  circuit  of  some  refractory  ma- 
terial, such,  for  example,  as  galvanized  iron  or  Ger- 
man  silver  wire.  This  conductor  is  placed  in  thedS? 
form  of  a  loose  coil,  so  as  to  ensure  a  fairly  consid-  ' 
erable  extent  of  radiating  surface,  and  thus  enable 
the  coil  to  rapidly  impart  its  heat  to  the  surrounding 
air.     The  contiguous  turns  of  the  coil,  however,  are 


B  eictmiie  ■impUdty  of 

hcBler. 

sufficiently  far  apart  to  permit  the  ready  access  of 
air  on  all  sides.  In  order  to  prevent  contiguous  coils 
from  coming  into  contact  with  one  another  through 
a  change  of  form  when  the  temperature  is  high,  the 
heating  coils  are  wound  in  grooves  in  the  surface  of 
a  block  of  earthenware,  porcelain,  or  other  similar 
material  that  is  ndther  inflammable  nor  a  con- 
ductor of  electrici^. 

An  electric  heater,  suitable  for  heating  the  inte- 
rior of  a  street  car,  is  shown  in  Fig.  233.  Here  a 
cylindrical  porcelain  tube  is  provided  with  spiral 
grooves  for  the  reception  of  the  heating  conductor. 
The  heating  coils  are  placed  inside  a  heater  box 
formed  of  a  case  of  sheet-iron,  and  covered  on  the 
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inside  with  asbestos  or  some  other  sabstaoce  that 
prevents  an  overheating  of  the  heater  case. 

The  electric  street  car  affords  an  especially  favor- 
able opportunity  for  efficient  electric  heating.  Heat- 
ers for  this  purpose  are  placed  generally  in  sets  of 
four  or  six  separate  heaters  on  the  sides  of  the  car, 
directly  under  the  seats.  In  order  to  protect  the 
passengers  from  being  burned  by  accidental  contact 
with  the  heating  surfaces,  the  heaters  are  placed  in- 


side a  box  provided  with  a  suitably  arranged  grat- 
ing. The  current  for  the  purpose  is,  of  course,  taken 
directly  from  the  driving  and  lighting  current  of 
the  cars.  Various  forms  of  electric  street-car  heat- 
ers have  been  devised. 

In  some  cases,   for  the  purpose  of  increasing 

Ajj^tan    the  extent  of  the  radiating  surface  of  the  heat- 

•«""■       ers,  the  coils,  instead  of  being  formed  of  a  single, 

straight  wire,  as  represented  on  the  preceding  page. 
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is  itself  coiled  around  a  stout  asbestos  cord,  and 
the  coils  are  formed  of  this  coiled  wire,  the  coils 
being  loosely  supported  on  porcelain  insulators 
in  the  manner  shown  in  Fig.  234,  where  B  repre- 
sents the  asbestos  cord  and  A  the  heater  wire  or  con- 
ductor. The  coiled  wire  is  supported  on  a  light 
steel  frame,  C,  provided  on  both  of  its  sides  with 
porcelain  insulators,  D,  for  the  su^wrt  of  the  coiled 
wire.  The  ends  of  the  heater  coils  pass  out  of  the 
heater  case  through  porcelain  insulators,  as  shown 
at  the  right-hand  side  of  the  figure.  A  metallic  grat- 
ing is  placed  in  front  of  the  heater  case,  as  already 
mentioned. 


Fia.  t3s. — Heat  Regutatins  Switch  for  Electric-cat  Heaters. 

In  the  case  of  the  electric  car-heaters,  there  is  al- 
ways provided  some  form  of  switch,  by  means  of 
which  the  separate  heaters  can  be  readily  omnected 
either  in  series  or  in  parallel,  or  sc«ne  of  the  heaters  reBoMim 
can  be  cut  out  from  the  circuit,  thus  readily  permit- jj»^ 
ting  a  difference  of  temperature  that  will  keep  the  car  beater., 
comfortably  warm  during  marked  differences  in  the 
outside  temperature.     A  switch  for  this  purpose  is 
shown  in  Fig.  235.     Here  the  movements  of  the 
switch  handle  cause  an  index  pointer,  or  finger, 
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Various 
groupings 
of  heater 
coils  pos- 

riUe. 


to  move  over  the  scale  represented  in  the  figure. 
When  the  pointer  is  opposite  the  figures  i,  2,  and  3, 
the  connections  are  suph  that  the  greatest  amount 
of  heat  will  be  liberated  in  the  position  3,  and  the 
least  amount  of  heat  in  the  position  i ;  2,  correspond- 
ing to  an  intermediate  degree  of  heat.  Various 
groupings  of  a  number  of  heater  coils  are  possible 
for  this  purpose.  It  may  be  generally  stated,  how- 
ever, that  when  all  the  coils  are  in  series,  since  the 
current  is  supplied  from  constant-potential  mains, 
a    smaller    quantity    of    current    will    pass,    and. 
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Fig.  236. — ^Disgram  for  Wiring  a  4-heater  Equipment  of  Electric 

Street-car  Heaters. 

consequently,  a  smaller  amount  of  heat  will  be 
developed,  than  when  the  coils  are  connected  in 
parallel,  since,  under  these  circumstances)  the  cur- 
rent strength  will  greatly  increase,  and,  conse- 
quently, the  amount  of  heat  developed  will  also 
increase. 


The  connections  of  a  four-heater  car  equipment 
for  one  of  these  positions  is  shown  in  Fig.  236. 
Here,  as  will  be  seen,  the  heaters  are  inserted  be- 
tween the  trolley  wire  or  conductor  and  the  ground. 
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The  heat-regulating  switch  is  placed  directly  be- 
tween the  fuse  box  and  the  heater  coils. 

In  some  forms  of  car  heaters,  instead  of  surround- 
ing the  heater  wire  by  air,  the  wire  is  imbedded  in 
an  enamel^  that  has  been  fused  on  the  surface  of 
an  iron  plate.  In  this  manner  the  heater  wire  is^^ 
protected  from  injury  from  moisture  or  corrosive  ^***^ 
agents.  Moreover,  a  greatly  increased  surface  is 
provided  for  the  radiation  of  heat.  A  street-car 
heater  of  this  tjrpe  is  shown  in  Fig.  237. 


Fig.  237. — ^American  Enamel  Car  Heater.    The  lugs  at  the  side  are  for 
attachinflr  the  beater  to  the  aide  of  the  car. 

The  cost  of  heating  cars  by  electricity  will,  of 
course,  depend  on  the  cost  of  producing  the  electric 
current,  and  will  vary  greatly  with  the  size  of  the 
car  and  the  climate  in  which  the  system  is  operated. 
It  has  been  stated,  however,  as  a  result  of  actual 
trials,  that  the  average  cost  of  heating  a  standard 
trolley  car  by  electricity  during  the  winter  in  the 
northern  parts  of  the  Atlantic  States  is  equal  to  about  co«t  oi . 
2j4  cents  per  hour,  or  40.5  per  day  of  18  hours.  ^^^^ 
Other  estimates  place  this  cost  as  low  as  25  cents 
per  day.  No  trouble  has  been  experienced  in  a 
climate  as  severe  as  that  of  Boston,  Mass.,  during 
severe  winter  weather.  Here,  by  actual  measure- 
ments, the  temperature  of  the  air  inside  an  ordinary 
trolley  car,  containing  850  cubic  feet  of  air  space, 
was  readily  maintained  at  a  temperature  of  25°  F. 
above  the  external  air  by  the  use  of  the  usual  electric 
heaters. 
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Although  the  above  cost  is  somewhat  greater  than 
the  cost  of  heating  by  oil  or  coal,  yet  it  must  not  be 
forgotten  that  the  system  of  electric  heating  for  such 
purposes  is  superior,  so  far  as  ventilation  and  con- 
venience to  the  passengers  are  concerned,  to  any 
other  method  of  artificial  heating.    Moreover,  since 
the  electric  heaters  are  placed  underneath  the  car 
Space       seats,  and,  therefore,  require  no  space  that  is  avail- 
SJ*S^^    able  for  passengers,  there  is  probably  saved,  in  the 
hSted*"^  case  of  cars  heated  electrically,  a  space  that  could 
street  can.  accommodate  say  two  additional  passengers.    From 
this  standpoint,  therefore,  it  would  appear  to  be  far 
more  economical  to  electrically  heat  cars.     More- 
over, as  we  have  seen,  the  electric  heater  gives  off 
no  deleterious  gas  to  affect  the  ventilation  of  the  car, 
and,  owing  to  the  ease  with  which  the  air  required 
for  the  heating  can  lie  drawn  from  the  outside  of  the 
car-body,  renders  an  electrically  heated  car  far  more 
comfortable  than  a  car  heated  by  a  coal  or  oil  stove. 

The  electric  heater  affords  a  very  convenient 
method  of  heating  the  staterooms  on  board  of  pas- 
senger steamships  or  men-of-war,  where  electricity 
is  employed  for  lighting  and  other  purposes.  Such 
heaters  are  placed  far  more  readily  in  the  staterooms 
than  are  the  ordinary  steam  or  hot-water  heaters, 
since  the  former  only  require  the  running  of  the 
electric  conductors,  while  the  latter  need  the  trouble- 
Eieetrie  some  running  of  steam  or  hot-water  pipes.  But 
^SSn  apart  from  the  matter  of  convenience,  the  weakening 
MUMhipa.  of  the  framework  of  the  vessel  by  the  openings  re- 
quired for  the  passage  of  the  steam  or  hot-water 
pipes,  is  an  objectionable  feature.  Heaters  for  state- 
rooms are  constructed  on  the  same  general  lines  as 
for  street  cars.  Generally,  however,  in  the  smaller 
staterooms  but  a  single  heater  is  required.  A  num- 
ber of  electric  heaters  for  staterooms  on  a  ship  are 
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shown  in  Fig.  238.  Electric  heaters  are  employed  - 
now  on  most  all  modem  war  vessels,  since,  on  these 
vessels,  electricity  is  employed  for  a  very  great 
variety  of  purposes. 


■Dent  of  ■tstC'raoin  bestere  for  one  of  tbe  Lejland  LiiM  shipa. 

There  are  many  purposesfor  which  electric  heaters 
can  be  employed  in  the  house.     In  the  kitchen,  for 
example,  there  are  such  devices  as  electric  stoves,  Si^Jfo 
ovens,  broilers,  toasters,  boilers,  teakettles,  coffee- ™'''°''' 
pots,  wafBe-irons,  griddle-cake  cookers,  plate-warm- 
ers, frying-kettles,  etc. 


In  the  electric  stove,  as  the  word  is  now  generally 
employed,  the  electric  heater  takes  the  form  shown  Biecirie 
in  Fig.  239.    Ha-e  the  heat  coils  are  placed  inside  a'""* 
short  cylinder,  the  UK>er  surface  of  which  is  flat,  like 
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^  the  top  plate  of  an  ordinary  cook  stove.  The  articles 
to  be  heated  are  placed  on  the  top  of  the  stove  plate. 
In  order  to  ensure  the  best  results,  it  is  necessary 
that  the  vessels  in  which  the  heating,  cooking,  etc, 
are  to  be  carried  on,  be  provided  with  a  flat  base,  so 
as  to  come  in  direct  contact  with  the  surface  of  the 
stove  plate.  For  this  purpose,  it  is  far  more  eco- 
nomical to  employ  only  vessels  especially  made  for 
such  uses.  These  vessels,  too,  are  generally  pro- 
SS^iS"  vided  with  some  form  of  attachment  to  the  stove 
uo?^%ae  plate.  It  has  been  found  advisable  to  make  the 
fo/t^%  diameter  of  the  vessel  somewhat  larger  than  that  of 
Moking.  the  plate  of  the  stove  on  which  the  vessel  is  to  rest. 
Vessels  with  copper  bottoms  are  preferable  to  ves- 
sels of  enamel,  the  operation  of  cooking  being  much 
more  rapidly  carried  on  in  the  former  than  in  the 
latter  case.  This  has  been  found  especially  to  be  the 
case  where  there  is  a  quantity  of  water  or  other 
liquid  to  be  boiled.  In  a  suitably  designed  vessel, 
this  can  be  accomplished  in  a  few  minutes,  while  in 
an  imperfectly  designed  vessel  it  may  require  either 
a  longer  time,  or  it  may  be  impossible  to  attain  the 
boiling  point  no  matter  how  long  the  heating  is 
continued. 

Electric  stoves  are  generally  provided  with  a  heat 

regulating  switch,  so  arranged  as  to  readily  give  a 

number  of  different  temperatures.     Such  a  switch 

results  in  a  great  saving  of  the  amount  of  electric 

Use  of       current  required  for  any  given  operation.     Gener- 

^chSn^  ally,  the  full  heating  current  should  be  turned  on  at 

f™i°?...  ^^  beginning  of  the  operation,  and  when  partly  or 

nearly  completed,  the  switch  can  be  turned  down,  so 

as  to  cause  a  small  amount  of  current  to  pass  through 

the  heating  coils.    For  example,  after  a  quantity  of 

water  has  been  brought  to  the  boiling  point  by  the 

full  current  strength  of  the  heater,  a  much  smaller 


apparatus. 
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current  will  suffice  to  continue  the  boiling.  But  the 
regulating  switch  not  only  ensures  economy  of  cur- 
rent, but  it  also  renders  the  cooking  much  more  sat- 
isfactory. Generally,  the  electric  stove  will  acquire 
its  full  temperature  in  from  three  to  five  minutes. 
After  this,  a  smaller  current  will  suffice  to  keep  it  hot. 
Where  it  is  only  desired  to  keep  food,  that  has  al- 
ready been  cooked,  warm  and  ready  for  the  table, 
either  a  small  current  can  be  obtained  by  the  switch, 
or  the  current  can  be  entirely  cut  off,  provided,  in 
the  last  case,  the  food  is  not  required  to  be  kept  hot 
for  a  longer  time  than  from  fifteen  to  twenty 
minutes. 

In  the  electric  oven,  as  in  the  ordinary  oven,  a  hot 
air  space  is  provided  for  baking  and  for  all  the 
operations  that  are  generally  carried  on  in  an  ordi-  SJSS?^ 
nary  oven.  In  such  case,  the  use  of  the  regulating 
switch  affords  a  great  convenience,  in  order  to  en- 
sure that  temperature  which  experience  shows  is 
best  suited  for  different  kinds  of  work. 

In  order  to  know  the  exact  temperature  existing 
inside  an  electric  oven,  some  form  of  mercurial 
or  metallic  thermometer  is  generally  provided.  In 
the  particular  oven  here  shown,  a  form  of  metallic 
thermometer  or  pyrometer  is  placed  in  the  middle 
of  the  oven  door.  In  order  to  retain  the  heat,  the 
walls  of  this  oven  are  tripled,  and  are  filled  with 
powdered  asbestos  or  some  other  non-conducting  thcmom- 
heat  medium.     In  the  electric  oven,  represented  in  pyrometer 

__,  ,  ,        ,  1  •  1  tt         -.meleciric 

Fig.  240,  the  pyrometer  is  shown  at  the  middle  of  ovem. 
the  door,  and  three  regulating  switches  below  the 
door.  In  any  of  the  ordinary  operations  that  are 
carried  on  in  ovens,  the  results  obtained  in  the  qual- 
ity of  the  cooking  depend  greatly  on  the  uniformity 
of  temperature,  on  the  ability  of  obtaining  desired 


ELECTRICITT  IS  K7BRT-DAT  LIFE 

dianges  of  temperature  at  will,  and  especially  on 
the  freedom  of  the  oven  frcnn  draughts  of  air  while 
the  cooking  is  being  carried  on.  The  electric  oven 
ensures  all  these  requirements  far  better  than  any 
odier  fonn  of  oven  in  general  use.  Moreover,  the 
electric  oven  possesses  the  advantage  over  such  ovens 
as  are  heated  by  gas  or  by  oil,  from  the  absence  of 
any  deleterious  gases  liberated  as  products  of  com- 
bustion or  from  partly  consumed  gas. 


In  the  electric  broiler  represented  in  Fig.  241,  the 
operation  of  broiling  a  steak  or  a  fish  can  be  car- 
ried on  much  more  satisfactorily  than  with  an  ordi- 
nary broiler,  owing  to  the  fact  that  the  food  to  be 
brc»led  is  not  exposed  to  the  gases  that  are  given 
off  from  glowing  coals.  Moreover,  none  of  the 
juices  of  the  meat  need  be  lost,  since,  as  represented 
in  the  figure,  the  fluted  broiling  surface  is  sli^ttly 
inclined,  so  that  the  juices  run  off  and  collect  in  the 
cavity  represented  at  the  left-hand  ade  of  the  figuit. 
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It  is  in  such  operations  as  broiling,  where  a  high 
temperature  is  required,  and  which,  in  the  case  of 
hotels  and  restaurants,  may  be  called  for  at  any  mo- 
ment, that  the  advantages  of  the  electric  over  ordi- 
nary broiling  by  a  coal  fire  are  manifest.     Instead 


of  constantly  maintaining  a  glowing  coal  fire  during 
many  hours  of  the  day,  the  electric  broiler  can  ac- 
quire its  maximum  temperature  in  a  very  few  min- 
utes, and,  therefore,  need  not  be  kept  in  operation 
until  the  order  is  received.  Moreover,  instead  of 
being  obliged  to  maintain  a  single  large  broiler, 
where  electric  broilers  are  employed  a  number  of 
smaller  ones  may  be  used. 


FiO.   S43.— Electric   Griddleoke    Cooker  and   Toul«r. 

In  the  electric  griddle-cake  cookers  and  toasters 
shown  in  Fig.  242,  the  arrangement  is  very  similar 
to  that  of  the  electric  oven.     The  advantage  of  elec-  SlSSS°»iid 
trie  heating  over  the  ordinary  methods  in  these  lines  Sto^iSte 
of  cooking  lies  in  the  greater  cleanliness,  and  in  the 
ability  to  ensure  a  constant  temperature.      In  the 
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electric  waffle-irons  shown  in  Fig.  243,  besides  the 
advant^;es  above  named,  there  is  fotmd  the  addi- 
tional advantage  that  both  the  upper  and  the  lower 
surfaces  of  the  irons  can  be  heated  at  the  same  time. 
Consequently,  the  irons  do  not  require  to  be  turned, 
and  a  more  uniform  baking  is  thereby  ensured. 


Fig.  >43. — Electric   Wiffltlron*. 

In  an  electric  coffeepot  or  biggin,  an  electric  stove 
is  provided  with  a  permanently  attached  pot,  as 
shown  in  Fig.  244.  A  similar  arrangement  is 
adopted  in  the  electric  chafing-dish  shown  in  Fig. 
245.  Regulating  switches  are  provided  in  each  of 
these  devices. 


FlO.  144.— An  Electric  CoSerpot  ot  BigsiB, 

There  are  a  number  of  other  devices  suitable  for 
electric  cooking  that  are  operated  on  the  same  prin- 
ciples as  those  above  described.  A  further  descrip- 
tion, however,  of  this  type  of  aj^aratus  is  unneces- 
sary. There  is  represented  in  Fig.  246  a  general 
dectric  kitchen  equipment,  in  which  diflferwit  electric 
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devices  are  shown.  Here  a  switchboard,  provided 
with  a  knife  switch  for  opening  and  closing  the  cir- 
cuit, is  seen,  with  wires  running  to  the  different 


Fio.  ns.~Aa   Electric  Cbafing-dlth. 

apparatus.  Plug  switches  are  provided  for  the 
ready  attachment  of  the  different  electric  devices. 
The  different  apparatus  shown  in  this  equipment 
will  be  readily  recognized. 


When  it  is  desired  to  raise  the  temperature  of  a 
fairly  large  quantity  of  water  to  the  boiling  point,  S,b?^ 
it  may  be  done  in  a  suitably  shaped  vessel,  placed  on  ""■""«■ 
the  surface  of  the  ordinary  electric  stove.     A  far 
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more  convenient  manner,  however,  for  some  pur- 
poses, is  by  the  use  of  an  electric  immersion  coil. 
These  consist,  as  shown  in  Fig.  247,  of  copper  tubes, 
that  are  heated  by  electric  heater  coils  placed  within 
them.     These  tubes  are  immersed  in  the  liquid  that 


Pro.  M7-— Electric  Coil  Hour 
The  coil  is  immcraetl  din 

is  to  be  heated.  Immersion  heater  coils  are  arranged 
either  for  a  single  temperature,  or,  by  the  use  of  the 
ordinary  r^ulating  switch,  they  may  be  arranged 
for  a  nmnber  of  different  temperatures. 

The  electric  smoothing  or  flat  iron  is  a  form  of 
an  electric  heater  that  is  capable  of  doing  very  effi- 
cient and  satisfactory  work.    The  heating  coils  are 


PiQ.    I^ — An    Electric    Smootliini-iTan. 

placed  inside  the  iron  case.  The  advantage  in  this 
form  of  apparatus  consists  in  the  fact  that  the  proper 
temperature  of  the  iron  is  maintained  while  the  work 
is  being  done,  so  that  the  iron  does  not  decrease  in 
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temperature  as  the  work  goes  on,  which  is  the  case 
with  the  ordinary  form  of  smoothing  or  flat  iron. 
A  form  of  electric  smoothing-iron  is  shown  in  Fig. 
248.  Where  ironing  is  done  by  machinery,  as  in 
laundries,  by  heated  rolls,  electric  heaters  can  be 


Px6.  449. — Electrically  Heated  Rolls.    The  rolls  are  driTen  by  machinery. 

readily  placed  inside  these  rolls,  so  that  the  heat  can 
be  conveniently  applied  to  them.  Some  forms  of 
electrically  heated  rolls  are  shown  in  Fig.  249. 

By  placing  electric  heating  coils  near  the  copper 
end  of  an  ordinary  soldering-iron,  there  is  produced 
an  electric  heating  iron  that  acts  very  satisfactorily,  aoidering. 
An  electric  soldering-iron  is  shown  in  Fig.  250. 


Fzc.  350. — ^An  Electrically  Heated  Soldering-iron. 

Prof.  J.  p.  Jackson,  in  a  paper  read  before  the 
American  Institute  of  Electrical  Engineers  on  "The 
Economy  and  Utility  of  Electrical  Cooking  Appara- 
tus," recounts  the  results  of  a  series  of  experiments 

Jackson 

that  he  made  on  the  economy  and  practicability  of  on  teats  in 
various  forms  of  electric  heating  devices.     He  gives  coownjr. 
the  result  of  these  tests  as  follows : 

"The  results  of  the  cooking  tests  seem  to  indicate 
that  for  the  usual  cooking  of  a  family  for  the  whole 
year,  the  expense  would  be  larger  than  would  be 
ordinarily  acceptable,  notwithstanding  the  great  ad- 
vantages in  other  respects.     However,  in  the  f oUow- 

VoU  ni.-23 


bouse. 
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ing  classes  the  utility  of  electrical  cooking  utensils 
should  be  great : 

"i.  For  light  housekeeping,  such  as  is  practiced 
in  small  city  apartments,  and  in  many  larger  houses 
during  the  simimer  months,  no  other  method  pre- 
sents so  many  desirable  features.     The  dirt  of  coal 
and  ashes,  disagreeable  gases  and  abnormal  temper- 
ture  due  to  a  coal  stove,  are  entirely  avoided.     For 
such  housekeeping,  a  disk  stove  using  500  or  600 
watts  and  a  broiler  using  about  1,200  watts  would 
be  sufficient  for  a  small  family,  and  would  cost 
from  $20  to  $30.     A  teakettle  or  immersion  coil 
SSiitilln    might  be  added,  at  a  cost  of  from  $6  to  $10.     A  spe- 
2Jo*hS?**^   cial  pair  of  wires  would  of  necessity  have  to  be  run 
£f S£^*"'   into  the  cooking-room  from  the  iiouse  or  apartment 
ijSht«[      supply  mains.     The  latter  would  ordinarily  warrant 
the  extra  call  that  would  be  made  upon  them  in  this 
way.     For  similar  purposes,  coal-oil,  gas,  or  gaso- 
line are  frequently  used,  but  with  the  inherent  disad- 
vantages of  greater  heat  in  the  room,  offensive  odors, 
comparative  uncleanliness,  and  danger. 

"2.  This  form  of  cooking  apparatus  could  be  used 
with  facility  in  boarding-houses  and  restaurants  for 
purposes  which  require  an  even  temperature,  such  as 
is  needed  in  baking  griddle-cakes,  boiling  ^gs,  etc.  • 
"3.  Where  electricity  is  available,  nothing  could 
be  more  convenient  than  a  small  electrical  stove,  re- 
quiring 300  or  400  watts,  for  the  many  uses  to  which 
at  present  the  alcohol  flame  is  put,  such  as  the  after- 
noon teakettle,  chafing-dish,  toaster,  etc.  This  use 
of  alcohol  is  most  unsafe  as  r^ards  danger  from 
fire,  and  could  well  be  discarded  for  electricity,  which 
is  absolutely  safe  when  properly  installed,  as  well  as 
being  more  convenient  and  better  in  other  respects. 
"4.  In  the  shop,  the  glue-pot,  solder-pot,  brazing- 
•  iron,  etc.,  can  be  heated  advantageously  by  electric- 
ity, and  one  of  the  most  gratifying  consequences  of 
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our  experiments  has  been  the  decision  to  put  such  an 
equipment  in  our  college  shops. 

^'5.  The  test  of  the  electrical  flatirons  showed 
them  more  economical  than  the  old  form,  when  the 
saving  of  labor  is  taken  into  account  Not  only  is 
there  a  saving  in  time,  but  the  severity  of  labor  is 
much  lessened.  Our  experience  is  that  a  laundress 
who  has  used  an  electrical  iron  would  be  exceedingly 
unwilling  to  go  back  to  the  old  form. 

"A  small  flatiron  of  two  or  three  amperes  attached 
to  the  ordinary  lighting  fixture  in  a  dressing-room 
is  a  great  convenience;  and  with  the  electric  tea- 
kettle and  airling-iron  is  destined  to  become  essen- 
tial in  the  modem  home. 

"Concerning  the  question  whether  the  use  of 
electricity  had  proved  satisfactory  in  its  operations 
in  the  cooking  tests  described,  the  housekeeper  in 
charge  said:  The  instruments  were  excellent  in  Great 
every  respect.     We  were  able  to  cook  more  rapidly,  SjJfcL^' 
to  keep  the  heat  at  just  the  right  point,  and  could  ^^?c 
readily    prevent    over-cooking    or    imder-cooking.  J^J^Sgu,, 
While  we  were  using  electricity  every  dish  was 
perfect.     When  I  think  of  these  advantages  and  of 
the  cleanliness  and  convenience  of  the  utensils,  I 
sincerely  hope  that  some  of  them  at  least  may  be 
retained  in  the  house  permanently.' 

"The  general  results  of  the  tests  were  of  such  a 
nature  that  the  writer  is  warranted  in  the  belief  that 
if  central  station  managers  would  more  generally 
introduce  exhibition  equipments  of  these  domestic 
utensils,  a  new  call  on  their  station  capacity  would 
develop,  of  which  the  larger  proportion  would  be 
during  the  light  load  periods.'* 

Electric  heating  has  been  successfully  applied  to 
the  baking  of  crackers  on  a  commercial  scale  at 
Niagara  Falls,  where  a  cheap  electric  current  can  be 
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obtained.      As  in  the  ordinary  process  of  baking* 
crackers,  here  the  pans  are  placed  in  a  horizontal 
position  on  the  circumference  of  a  revolving  cylin- 
SSngS?***  der,  the  pans  being  so  hung  that,  during  the  rotation 
SSS^^cSS  of  the  cylinder,  they  remain  suspended  in  a  horizon- 
i^amL     tal  position,  as  in  the  case  of  the  seats  in  the  well- 
^'^        known  Ferris  wheel.  The  temperature  of  the  oven  is 
so  regulated,  as  regards  the  time  required  for  a  com- 
plete revolution  of  the  cylinder,  that  the  crackers 
are  baked  during  a  single  revolution  of  the  wheel. 
The  pans  are  therefore  ready  to  be  removed  and 
replaced  by  fresh  pansi  of  unbaked  crackers  as  soon 
as  the  cylinder  in  its  revolution  brings  the  pans  back 
again  to  the  door  at  which  they  were  placed  on  the 
rotating  cylinder. 

Mr.  T.  C.  Martin,  in  a  report  prepared  for  the 
United  Census  Bulletin  for  the  year  1902,  thus  re- 
fers to  the  application  of  electric  heating  on  a  com- 
paratively large  scale  for  industrial  purposes  at 
Orange,  N.  J. : 

"One  of  the  most  striking  illustrations  of  the 
application  of  electric  heat  to  industrial  purposes  is 
that  afforded  by  a  hat  factory  at  Orange  Valley, 
N.  J.,  where-qp  less  than  250  horse-power  of  elec- 
trical energy  is  lis^  for  heating  purposes.     In  a  hat 
Martin  on   factory  two  kiuds  «f  heat,  broadly  speaking,  are 
«jjon  of     usually  required,  that  (^f  low  degree,  for  sizing  and 
SS?£dt2ur  ^^^oring  vats,  etc.,  and  ftet  of  high  degree,  for  the 
g«oryat    hat-finishiug  tools.     In  tlwt  factory  referred  to,  the 
N.  J.'**     latter  form  of  heat  is  all  supplied  by  electricity,  while 
the  exhaust  steam  from  the\  electrical  generating 
plant  is  utilized  for  all  the  various  other  purposes 
not  requiring  a  higher  temperWure  than  can  thus 
be  obtained.     With  regard  to  \felt  hats,  it  may  be 
noted  that  the  shaping  process*  consists  in  placing 
the  very  rough  shape  on  one  ^r  more  blocks,  and 
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then  bringing  it  to  the  desired  finishing  shape  by 
means  of  heat  applied  by  irons.  The  different  parts 
of  the  hat  are  not  of  equal  thickness,  the  brim  being 
the  heavier  and  the  crown  the  lighter  portion,  so  that 
different  degrees  of  heat  are  required  when  finish- 
ing different  portions  of  the  hat.  Electric  irons  lend 
themselves  with  peculiar  adaptability  to  such  work, 
as  different  degrees  of  heat  can  be  supplied  at  will, 
and  any  temperature  can  be  definitely  maintained  at 
the  proper  point.  Formerly,  the  heat  for  machine 
irons  was  supplied  by  gas-jets,  and  constant  atten- 
tion was  necessary  to  ensure  that  the  temperature 
did  not  beccmie  too  high  or  too  low. 

"Under  the  old  method,  in  each  of  the  several 
hand-finishing  rooms,  where  about  125  men  were 
employed,  and  hot  slugs  were  used,  it  was  necessary 
to  replace  at  short  intervals  those  slugs  that  had 
beccmie  cooled  with  others  taken  red-hot  from  the 
furnace.  To  heat  these  slugs  there  were  three  fur-  uges  found 
naces  on  a  floor,  consuming:  three  tons  of  coal  per  to  Ee  d^ 
day,  and  m  summer  time  causing  an  unbearable  the  electric 
heat.  Moreover,  the  frequent  journeys  of  the  men  felted  tSu. 
from  their  tables  to  the  slug  furnaces  reduced  their 
productive  capacity,  while  the  stream  of  men  going 
to-and-fro  congested  the  passages  and  disturbed  the 
others  at  work.  At  the  present  time,  it  is  not  nec- 
essary for  any  man  to  move  from  his  particular  part 
of  the  bench,  and  all  he  has  to  do  to  keep  his  elec- 
tric slugs  at  the  right  temperature  is  to  throw  in 
and  out  a  little  switch  placed  on  the  wall  within 
easy  reach.  These  same  advantages  appear  in  con- 
nection with  the  electric  curling  machines  and  the 
flanging  pads  employed  to  define  and  finish  the 
brims.  As  to  the  economy  of  electric  heat  in  this 
particular  application,  it  is  stated  that  where  for- 
merly eight  tons  of  coal  were  used  per  day,  now  with 
one-third  greater  capacity  only  ten  tons  have  been 
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used ;  moreover,  the  gas  bill  was  formerly  $200  per 
month,  while  fuel  and  attendance  for  the  slug  fur- 
naces amoimted  to  $10  per  day.  This,  moreover, 
does  not  entirely  represent  the  economy  derived 
from  the  use  of  electrical  apparatus,  as  the  percent- 
age of  hats  injured  in  the  process  of  finishing  is 
less,  on  account  of  the  use  of  electric  heat.  The 
workmen,  moreover,  enjoy  greater  comfort  and  bet- 
ter health/' 

An  incandescent  lamp  can  be  employed  for  an 
efficient  electric  heater.     Since  only  from  two  to 
three  per  cent  of  the  energy  of  the  current  is  con- 
verted into  light,  and  the  balance  into  heat,  it  will 
be  seen  that  the  ordinary  incandescent  lamp  must 
candescent  form  a  vcry  efficient  device  for  converting:  electric 
lamp  as      energy  itito  heat  energy.    The  employment  of  elec- 
dcrtric      trie  incandescent  lamps  for  heaters  is,  therefore, 
^^^''      quite  common.    For  example,  we  have  already  re- 
ferred to  the  use  of  such  an  incandescent  electric 
lamp  in  connection  with  the  thermostat    used  by 
Mr.  Edison  in  his  electro-chemical  meter.     Here 
the  arrangement  is  such  that  a  fall  of  temperature 
produces  a  warping  or  bending  of  the  thermostat 
bar,  formed  of  brass  and  steel,  so  as  to  cause  it  to 
close  the  contact  of  an  incandescent  electric  lamp. 
When  the  temperature  of  the  confined  space  passes 
beyond  a  certain  limit,  the  movement  of  this  bar  in 
the  opposite  direction  breaks  the  contact,  and  thus 
throws  the  lamp  out  of  the  circuit. 

Incandescent  electric  lamps  have  also  been  em- 
Sectric      pJoy^  ^or  electrically  heating  incubators,  the  com- 
h«iw8^   pound  bar  of  brass  and  steel  employed  as  a  thermo- 
incubators.  stat  introducing  an  incandescent  lamp  into  or  re- 
moving it  from  the  circuit  as  the  temperature  falls 
below  or  rises  above  a  certain  predetermined  limit. 
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Incandescent  electric  lamps  have  also  been  employed 
in  a  variety  of  electric  cooking  apparatus  with  fairly 
satisfactory  results.  Some  forms  of  electric  heaters, 
that  depend  for  their  operation  on  the  heat  produced 
by  an  incandescent  electric  lamp,  are  shown  in  Fig. 
251.  When  such  lamps  are  employed  to  heat  metal- 
lic vessels,  it  is  necessary  to  blacken  the  inside  of  the  SSSS^b 
vessels,  so  as  to  render  the  metal  a  good  absorber  of  b's,^ 
heat.  Otherwise,  much  of  the  heat  would  be  lost  by 
reflection.  It  has  been  found  that,  by  the  use  of 
a  50  candle-power  incandescent  electric  lamp  em- 


FiG.  151. — Electric  lacandeKent  Lamp  Heater. 

ploying  200  watts  of  activity,  2j^  pounds  of  water 
can  be  brought  to  the  temperature  of  the  boiling 
point  in  somewhat  less  than  half  an  hour. 

The  practical  amplications  of  electric!^  to  cooking 
have  been  carried  to  such  an  extent  that  it  is  now 
quite  a  common  occurrence  to  have  the  cooking  for 
a  considerable  number  of  people  done  by  electric 
means.     Electric  appliances  for  these  purposes  are  Eiectiie 
employed  in  some  of  the  galleys  of  men-of-war ;  and  c»rri«roo 
in  some  large  manufacturing  establishments,  such,uiiniitmt 
for  example,  as  that  of  the  General  Electric  Com-gkciric  _ 
pany  at  Schenectady,  New  York,  large  restaurants  tbopfw" 
prepare  their  cooked  food  entirely  by  electric  means.  S^^v. 
In  some  parts  of  the  country,  as,  for  example, 
at  Utica,  New  York,  apartment  houses  have  been 
constructed  with  complete  electric  kitchen  equip- 
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ments.     All  these  installations  have  given  consid- 
erable satisfaction. 

The  heat  developed  by  the  carbon  arc  light  is 
also  capable  of  being  employed  for  artificial  heating. 
For  all  purposes  of  cooking,  however,  the  tempera- 
^SSL  ture  is  far  too  high  for  practical  purposes.  All  elec- 
tric furnaces,  however,  which  are,  to  a  certain  ex- 
tent, a  variety  of  chemical  cooking  apparatus,  depend 
for  their  operation  on  the  heat  developed  either  by 
the  direct  arc  or  intense  incandescence. 
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CHAPTER  XXX 

ELECTRIC   WELDING 

"Thomson's  welding  process  consists  in  passing  an  electric 
current  of  great  volume,  by  means  of  two  clamps  of  good 
conducting  metal  (generally  copper),  through  two  pieces 
firmly  abutted  against  each  other  between  the  clamps,  which, 
when  heated  by  the  current,  are  forced  together  by  mechani- 
cal pressure.  The  metal  between  the  clamps  alone  possesses 
the  requisites  for  the  conversion  of  electrical  energy  into  heat 
The  only  loss  of  energy  to  be  counted  on  will  be  that  caused 
by  conduction  of  heat  to  the  clamps  of  the  apparatus,  by  radia- 
tion, and  the  resistance  loss  in  the  electric  generator  and  weld- 
ing machine.  By  increasing  the  speed  of  operation  the  first 
two  items,  which  are  alone  of  importance,  will  be  reduced." — 
Electric  Welding  and  Metal-Working  :  Herman  Lempe 

IT  has  been  known  for  a  long  time  that,  when  the 
surfaces  of  two  masses  of  metal  are  brought  to 
the  temperature  at  which  the  metal  begins  to 
soften,  and  are  firmly  pressed  together,  they  cohere,  wewing. 
and  become  welded  into  a  single  piece.  If  the 
welding  process  has  been  properly  carried  on,  the 
point  of  welding  union  can  scarcely  be  detected, 
while  the  cohesion  of  the  two  metals  is  as  good  at 
the  welded  point  as  at  any  other  point  on  their  mass. 
There  are  some  metals,  notably  lead,  that  possess  the 
power  of  being  welded  while  at  ordinary  tempera- 
tures. If  two  clean,  bright  surfaces  of  lead  be 
firmly  pressed  together,  they  will  cohere  strongly. 

The  following  simple  experiment  illustrates  the 
property  of  lead  to  be  welded  while  in  a  cold  state :  dewing  at 
Cast  a  cylinder  of  lead  about  two  inches  in  length  Jjj^^^gl 
and  one-quarter  of  an  inch  in  diameter;  then  cut^^*'^ 
this  cylinder  into  two  equal  parts  by  placing  a  sharp 
knife  against  its  middle  and  striking  it  a  few  strong 
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blows  with  a  hammer.  Attach  wires  to  the  two 
pieces,  as  shown  in  Fig.  252.  If,  now,  while  the 
two  surfaces  of  lead  are  clean  and  bright,  they  be 
pressed  firmly  together,  they  will  be  found  to  cciiere 
so  strongly  as  to  be  able  to  support  a  comparatively 
heavy  weight  placed  on  a  scale  pan  formed  by  tying 
strings  to  the  four  comers  of  a  piece  of  stout  paste- 
board, as  shown. 


FlO.  15a. — WcMiOf  of  Lewi  at  Ordbiarr  Tcmpentai^  Can  aboold 
be  taken  not  to  loucb  the  irahlj  cut  lurfacu  of  the  lead  wilh  tbe 
fbifert,  aince  tbe  tfaie  coating  of  gnaie  lo  obtained  will  Kftlf  leaaeo 
the  Mrength  of  the  cobtnott. 

In  order  to  ensure  a  good  welded  joint,  the  sur- 
faces of  the  two  metals  must  be  kept  clean  and  free 
from  oxide,  which  is  rapidly  formed  'when  the  metals 
:  are  heated  in  air  to  temperatures  near  their  points  of 
incandescence.  This  freedom  from  oxide  is  easily 
obtained  by  the  use  of  some  suitable  flux,  such  as 
borax,  which  removes  the  film  of  oxide  on  the  me- 
tallic surfaces  by  entering  into  combination  with  it. 
Considerable  skill  is  necessary  in  order  to  obtain  a 
good  welded  joint.  One  of  the  most  important 
considerations  is  the  temperature,  which  varies  with 
the  different  metals.  In  welding  by  the  ordinary 
processes,  the  workman  determines  when  the  re- 
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quired  temperature  is  reached  by  the  color  and  other 
general  appearances  of  the  metals  while  they  are 
heating.  He  learns  by  a  costly  experience  just  what 
these  appearances  are.  In  electric  welding  by  in- 
candescence,  as  soon  as  experience  has  shown  the 
proper  temperature  which  is  required  to  obtain  the 
best  results,  this  temperature  can  invariably  be  rap* 
idly  produced  by  subjecting  the  mass  of  metal  to 
the  particular  current  strength  required. 

There  are  two  different  systems  of  electric  weld- 
ing; viz.,  that  invented  by  Prof.  Elihu  Thomson, 
and  generally  known  as  the  incandescent-welding 
system,  and  that  of  Bemardos,  and  generally  known  ThMnaon 
as  the  arc-welding  system.     The  former  is  by  f ar  BCTiSr*do« 
the  best  system  for  most  characters  of  work,  andll?ctric°' 
has,  indeed,  reached  so  extended  a  condition  that  it  '^****^*^- 
may  now  properly  be  regarded  as  one  of  the  electric 
arts.      The   Bemardos   system,   in   point  of   fact, 
would  more  properly  be  styled  a  system  of  electric 
soldering.     We  will  discuss  the  Bemardos  system 
first,  as  of  less  importance  than  the  other. 

In  the  electric  furnace  devised  by  C.  William  Sie- 
mens, to  which  we  have  referred  in  the  preceding 
pages,  there  was  employed  for  the  rapid  melting  or 
fusing  of  metals  a  crucible  of  hard  conducting  car- 
bon. The  metal  to  be  fused  was  placed  inside  this 
crucible,  which  was  connected  with  one  of  the  poles  siement'* 

'  * electric 

of  a  powerful  continuous-current  dynamo.      Themetai- 

«  «  1  1  f  1'       melting 

other  pole  was  connected  to  a  central  rod  or  cyhn-  furnace, 
der  of  hard  carbon,  so  supported  that  it  could  be 
readily  moved  toward  and  from  the  charge  con- 
tained in  the  cmcible.  The  metal  to  be  fused  being 
placed  in  the  bottom  of  the  crucible,  the  movable 
carbon  electrode  was  brought  in  contact  with  it, 
and  then  slowly  raised.     By  this  means,  an  arc  was 
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formed  directly  between  the  electrode  and  the  mass 
of  metal  in  the  crucible.  Under  these  circumstances, 
the  fusion  rapidly  took  place. 

In  the  Bemardos  welding  process  the  electric 
arc  is  formed  between  the  pieces  of  metal  that 
are  to  be  welded  together.     This  process  is  capa- 
ble of  two  distinct  applications;  viz.,  for  the  pur- 
pose of  filling  blow-holes  in   iron   castings,  and 
tric*mSg   for  the  purpose  of  welding  or  soldering  two  metals 
hoi«ta      together.     In  the  first  process  the  castings  are 
^^Dgv.     first  heated  in  an  ordinary  furnace,  and  are  then 
connected  with  the  positive  pole  of  a  continuous- 
current  dynamo,   while  a  piece  of  metal  of  the 
same  character  as  that  of  the  casting  is  connected 
with  the  negative  pole,  and  is  brought  into  contact 
with  the  blow-hole  that  requires  to  be  filled.     On 
the  separation  of  this,  a  short  distance  from  the  metal 
an  arc  is  formed  and  the  fused  metal  falls  into  the 
cavity,  filling  it.     At  the  same  time,  the  adjoining 
portions  of  the  metal  are  softened  or  partially  fused, 
so  that,  under  these  circumstances,  the  added  metal 
becomes  thoroughly  incorporated  with  the  surround- 
ing metal,  thus  forming  one  continuous,  uniform, 
homogeneous  mass.     The  process  is  generally  re- 
^JSSfoJ  ferred  to  as  resulting  in  the  welding  together  of  the 
SdoiM '  two  masses  of  metal.     The  previous  heating  of  the 
iSS^iiu;   casting  is  necessary  in  order  to  avoid  cracking  from 
the  shrinkage  of  the  mass.     The  application  of  the 
Bemardos  process  is  especially  applicable  to  the 
longitudinal  welding  of  riveted   plates.      In  thin 
plates,  the  arc  alone  is  suffident. 

In  the  welding  or  soldering  of  larger  plates  by  the 
Bemardos  system,  however,  some  form  of  electric 
blow-pipe  is  necessary.  A  form  of  apparatus  de- 
vised by  Werderman,  and  originally  employed  by 
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him  as  an  electric  blow-pipe  for  the  purpose  of  bor- 
ing holes  in  rocks  for  receiving  blasting  charges, 
consisted  in  the  combination  of  a  voltaic  arc  and  an  bilJ?.pfpe 
electro-magnet,  so  as  to  deflect  the  arc  in  the  well-  iSIdSng 
known  manner.    This  deflection  causes  the  arc  to^'^^^^  *• 
act  as  a  blow-pipe,  the  flame  being  directed  against 
the  surfaces  that  are  to  be  welded  together. 

A  curious  process,  whereby  the  electric  heating  of 
metals  for  welding  or  forging  is  readily  obtained, 
consists  in  placing  the  metal  to  be  heated  in  an  aque- 
ous solution  of  some  salt,  such  as  soda,  which  in- 
creases the  conducting  power  of  the  water.  This 
solution  is  placed  in  a  vessel  lined  with  plates  of 
lead.  The  conducting  lining  of  the  vessel  is  con- 
nected with  the  positive  terminal  of  a  continuous- 
ciirrent  dynamo,  while  the  metal  to  be  heated  is  conr 
nected  with  the  negative  terminal  of  the  same  source. 
On  plunging  the  metal  below  the  surface  of  the 
saline  solution,  electrolysis  takes  place,  and  the  liber- 
ated hydrogen  appears  as  a  film  of  gas  on  the  sur-  weiding  or 
face  of  the  n^ative  electrode,  that  is,  on  the  surface  JiecuS?  ° 

lytically 

of  the  metal  that  is  to  be  electrically  heated.  On  heated 
accotmt  of  the  electric  resistance  of  this  film  of  hy- 
drogen, an  exceedingly  high  temperature  is  produced 
on  the  surface  of  the  metal,  which,  consequently,  be- 
comes rapidly  heated  throughout  its  entire  mass. 
The  surroimding  envelope  of  hydrogen  gas  pos- 
sesses the  additional  advantage  of  thproughly  pro- 
tecting the  surface  of  the  metal  to  be  heated  from 
oxidation.  This  freedom  from  oxidation  is,  of 
cotu'se,  an  advantage  whether  the  masses  of  heated 
metal  are  to  be  welded  together,  or  whether  they 
are  to  be  forged  by  ordinary  means.  Another  curi- 
ous circumstance  in  this  method,  which  adds  to  its 
convenience,  is  to  be  found  in  the  fact  that,  since 
the  principal  resistance  lies  in  the  film  of  hydrogen 
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at  the  surface  of  the  metal  which  is  to  be  heated,  it 
is  practically  at  these  surfaces  alone  where  the  prin- 
cipal amount  of  heat  is  liberated.  The  value  of  the 
current,  therefore,  that  passes  can  be  made  auto- 
matically to  conform  to  the  size  of  the  piece  that 
is  to  be  welded,  since,  by  varying  the  depth  of 
immersion  in  the  liquid  bath,  the  resistance  will 
decrease  as  the  area  of  the  immersed  liquid  in- 
creases, and  thus  will  permit  a  greater  current  to 
flow  in  accordance  with  the  needs  of  the  particular 
case. 


Prof.  Blitatt 


Coming  now  to  the  Thomson  system  of  incan- 
Tho'mSn"  desccut  weldiug,  which  is  practically  the  only  system 
wtidtng.  that  is  in  fairly  extended  use,  we  find  that  the  inven- 
tion was  first  suggested  as  early  as  1877.  Professor 
Thomson  thus  refers  to  this  invention  in  a  lecture 
delivered  before  the  Franklin  Institute  in  March, 
1887 : 

"Ten  years  ago  I  had  the  pleasure  of  giving  a 
course  of  five  lectures  on  electricity  in  the  Hall  of 
the  Franklin  Institute,  as  part  of  the  winter  courses, 
and  the  leading  idea  I  presented  to  my  hearers  was, 
Pnakiin     ^^^  electricity,  from  whatever  source,  and  however 
ISS?re^f    nianifested,  is  alwa3rs  of  the  same  nature,  and  differs 
March,x887.  from  that  produced  in  other  ways  in  its  tension  or 
potential,  which  is  analogous  to  pressure  in  fluids, 
and  in  voliune  or  amount  of  current,  which  is  analo- 
gous to  rate  of  flow  of  fluid  or  to  the  quantity  mov- 
ing in  a  pipe  or  conduit  past  a  given  position  in  a 
definite  time. 

"Among  the  experimental  demonstrations  used  to 
support  this  view,  were  some  which  were  made  with 
an  ordinary  induction  coil,  such  as  is  commonly 
employed  to  obtain  from  low-potential  battery  cur- 
rents high-potential  discharges  through  air,  resem- 
bling lightning,  or  what  is  often  called  static  electric- 
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ity,  such  as  is  employed  in  the  charging  of  I^den 
jars,  etc. 

"After  showing  the  induction  coil  as  so  used,  I 
reversed  the  process  and  passed  high-potential  dis- 
charges from  a  charged  battery  of  Leyden  jars, 
through  the  fine  wire  coils  of  the  induction  coil,  and 
received  currents  of  low  potential  but  of  great  vol-  S^fndJTc^ 
ume  from  the  coarse  wire  of  the  coil.  By  putting  ''^"^  ^^* 
a  low-resistance  galvanometer  in  the  circuit  of  the 
coarse  wire,  known  ordinarily  as  the  primary,  a 
strong  deflection  of  the  index  of  the  galvanometer 
took  place,  and  upon  bringing  the  ends  of  the  coarse 
wine  coil  together  in  slight  contact,  a  bright  green 
flash  took  place  at  every  Leyden-jar  discharge 
through  the  fine  wire.  While  repeating  this  instruc- 
tive experiment,  showing  the  identity  of  electricity 
and  the  reversibility  of  the  induction  coil,  I  noticed 
at  one  time  that  after  the  discharge  the  ends  of  the 
wire  of  the  primary  or  coarse  coil  had  stuck  rather 
firmly  together,  and  it  then  occurred  to  me  that 
possibly  metal  wires  might  be  tinited  by  properly 
organizing  the  appliances.  My  attenticm  was  turned, 
however,  to  the  field  of  electric  lighting,  in  the  de- 
velopment of  which  field  I  have,  since  1879,  '^^c^ 
almost  exclusively  engaged.  Some  four  or  five 
years  ago  the  need  of  a  quick  and  effective  method 
of  joining  together  the  ends  of  copper  and  other  B,^^j^jj|y 
wires,  as  in  the  construction  of  our  dynamo  ma-JJjJ^  . 
chines  and  other  electric  apparatus,  presented  itself. 
The  joints,  as  ordinarily  made,  were  formed  by 
tapering  each  end  and  soldering  or  brazing  them  to- 
gether sidewise,  and  the  joints  were  of  clumsy  and 
uncertain  character,  unless  made  with  great  care; 
and,  moreover,  destroyed  the  flexibility  of  the  wire 
at  the  joint." 

Electric  heating  by  the  Thomson  incandescent 
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process  can  be  effected  either  by  continuous  or  by 
alternating  electric  currents.    For  most  purposes  al- 
ternating electric  currents  are  preferable.    As  is  well 
known,  the  amount  of  heat  developed  is  the  same 
whether  the  currents  be  continuous  or  alternating, 
provided,  of  course,  the  current  strength  remains  the 
same.    The  reason  that  alternating  currents  are  gen- 
erally preferable  for  welding  purposes  is  to  be  found 
in  the  fact  that,  in  order  to  obtain  the  best  results, 
^Dg^'  the  temperature  reached  by  the  welding  substances 
cSSStt  are  should  be  the  same  throughout  all  parts  of  their 
F<5?eiS»ric  surfaces.     When  continuous  currents  are  employed, 
welding,     ^j^^  i^gg  ^£  Yie2it  at  the  outer  portions  of  the  surfaces 

that  are  in  contact  with  the  air  will  naturally  result 
in  the  central  portions  remaining  at  a  higher  tem- 
perature. For  this  reason,  it  is  more  difficult  to 
obtain  good  welded  joints  over  extended  surfaces 
when  the  direct  currents  are  employed.  When,  how- 
ever, alternating  currents  are  used,  although  the 
same  cHilling  action  takes  place,  yet  the  fact  to  which 
reference  has  already  been  made,  that  an  alternating 
current  tends  to  possess  a  greater  current  strength 
near  the  surface  of  a  conductor  than  near  its  central 
parts,  there  is  thus  ensured  a  greater  uniformity  of 
temperature  throughout  the  entire  surfaces,  and, 
consequently,  a  better  welded  joint  is  obtained. 

As  to  the  practical  results  obtained  by  the  Thom- 
son system  of  electric  incandescent  welding,  it  has 
been  found,  in  actual  practice,  that  far  better  welded 
hiSted  w*^  joints  can  be  obtained  than  with  the  ordinary  method 
h«Sed*      ^^  welding  by  furnace  heat.     Moreover,  metals  can 
STitfc*      ^  welded  electrically  that  can  not  be  welded  at  all 
by  ordinary  methods,  the  electric  process  welding 
not  only  such  metals  as  copper,  steel,  and  iron,  but 
also  such  metals  as  wrought-iron,  zinc,  gold,  tin, 
aluminium,  and  cast-iron.     Moreover,  the  character 
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of  the  welded  joint  is  such  that  its  tensile  strength, 
instead  of  being  weakened  at  the  welded  part,  is 
quite  as  strong  as  it  is  elsewhere. 

In  the  Thomson  process  of  electric  welding,  where 
the  ends  of  two  pieces  of  wire,  or  of  two  bars  of 
metal,  are  to  be  welded  together,  the  ends  are  placed 
in  contact  for  an  ordinary  butt  or  end-to-end  joint. 
A  direct  or  alternating  current  is  then  passed  be- 
tween  them  across  the  contact  surfaces.  The  highThomaon 
resistance  that  exists  at  the  contact  surfaces  causes  p'°**^ 
the  heat  to  be  generated  in  a  greater  proportion  at 
this  point.  As  soon  as  the  ends  have  acquired  the 
welding  temperature,  they  are  pressed  firmly  to- 
gether. Sometimes,  a  flux,  such  as  borax,  is  em- 
ployed, in  order  to  keep  the  surfaces  to  be  welded 
free  from  oxide,  as  in  the  ordinary  process  of  weld- 
ing. 

In  order  to  be  able  to  control  the  temperature  at 
the  welding  surfaces,  suitable  devices  are  used  for 
the  purpose  of  controlling  the  current  strength.    It 
is  by  reason  of  the  ability  to  thus  prevent  the  tem- 
perature from  passing  beyond  a  certain  ^™^^^^^Kf^^Smiu 
temperature,  that  it  has  been  possible  to  success- »ntrou^ 
fully  weld  certain  varieties  of  steel,  that  can  notejggjc 
be  heated  beyond  a  certain  temperature  without 
being  injured.    For  the  same  reason,  such  readily 
fusible  metals  as  lead,  zinc,  and  tin  may  be  welded, 
provided   a  suitable   flux,   such   as   resin  or  zinc 
chloride,  is  employed  instead  of  borax. 

There  are  two  distinct  forms  of  apparatus  em- 
ployed in  the  Thomson  system  of  incandescent  elec- 
tric welding;  viz.,  direct  welders,  in  which  the  alter- 
nating current  is  employed  directly  as  it  is  produced 
by  the  dynamo,  and  indirect  welders,  in  which  the 
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alternating  current  is  passed  through  transformers 
Direct-      *hat  are  suitably  designed  for  the  purpose  of  pro- 
^^Smiu.  ducing  the  current  and  pressure  required.    An  appa- 
ratus belonging  to  the  type  of  direct  welders  is 
shown  in  Fig,  253,    Here  the  alternating  currents. 


FiQ.  *53. — TbamBon  Direct-welding  Apparatus  for  Wcldins  Iioa  Hoop*. 

produced  \fj  a  suitable  alternator,  are  employed  di- 
rectly, without  the  intervention  of  a  transformer. 
Such  apparatus  is  suitable  for  small  work  only. 
This  apparatus  is  intended  for  the  welding  of  iron 
hoops,  one  being  placed  in  the  clamps  in  the  ui^r 
part  of  the  apparatus,  to  be  welded.  An  Eiltemat- 
ing  dynamo,  driven  by  the  pulley  P,  produces  the 
necessary  current.  A  rheostat,  R,  placed  at  the 
lower  left-hand  side  of  the  figure,  is  employed  for 
the  purpose  of  controlling  the  strength  of  the  cur- 
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rent  from  the  commutator  to  the  field  coils  of  the 
machine. 

Wherever  large  work  is  to  be  welded,  the  indi- 
rect welder  is  employed.  The  transformers  are 
built  in  the  usual  manner,  and  are  of  the  step-down  I^SSj^ro 
type.  In  cases  of  very  large  work,  which  is  too'"'"™' 
heavy  to  be  taken  to  the  transformer,  the  latter  is 
so  constructed  that  it  can  be  readily  taken  to  the 
work.    A  form  of  such  transformer  is  represented 


Fi(L  JS4. — Indirect  Welding  TnuBforowf  fof  Heavy  Woric  Hero 
the  Kep-down  imutiinDCT  lowcn  the  preuuic,  but  areitlir  ineteuca  tba 
enmnt  ftrensth. 

in  Fig.  254.  The  primary  coil  is  placed  in  a  rec- 
tangular frame.  The  secondary  consists  of  the  outer 
shell  of  the  transformer,  formed  of  copper  castings, 
that  are  firmly  bolted  together.  Oil  is  placed  inside 
the  transformer  for  the  purpose  of  insulating  the 
two  coils  and  carrying  off  the  heat  generated. 

Since  no  little  skill  is  required  in  order  to  apply 
the  proper  degree  of  pressure  to  the  surfaces  that 
are  to  be  welded,  the  plan  is  generally  adopted,  as 
soon  as  the  welding  temperature  has  been  attained, 
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of  applying  this  pressure  automatically.  Welding 
apparatus  of  this  type  are  called  automatic  appa- 
ratus, in  order  to  distinguish  them  from  hand  appa- 
ratus in  which  the  pressure  is  applied  manually.  In 
tiMri^*  automatic  welding  apparatus,  the  amount  of  pres- 
sure required  may  be  obtained  either  by  means  of 
weights,  or  in  any  other  suitable  manner.  A  form 
of  automatic  welder  is  shown  in  Fig.  255.  In  this 
case,  the  pressure  is  obtained  by  means  of  weights, 
W,  suspended  as  shown.     The  transformer,  T,  is 


seen  in  the  middle  part  of  the  figure.  The  weights 
cause  the  work  that  is  to  be  welded  to  be  pressed 
together  in  the  clamps  K,  K.  The  movement  of 
these  clamps  at  the  proper  moment  makes  the  con- 
tact which  operates  the  electro-magnet  EM,  and 
this  latter,  by  the  attraction  of  its  armature,  thus 
cuts  off  the  welding  current  as  soon  as  the  opera- 
tion  is   completed. 

The  process  of  electric  welding  has  been  applied 
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practically  to  a  great  variety  of  purposes.     In  the 

shrapnel  shell,  a  hard  steel  point  is  welded  to  the 

soft  steel  body  of  the  shell.     This  very  difficult  JS?^' 

type  of  welding  can  be  readily  accomplished  bylEdf"' 

means  of  the  electric  apparatus  represented  in  Fig. 

256,  which  shows  a  device  especially  suited  for  this 

purpose. 

One  of  the  most  remarkable  applications  of  electric 
welding  is  that  employed  for  the  purpose  of  obtain- 
ing a  good  electric  contact  between  the  ends  of  the 


Pio.  a%6. — Thomaon  Apparatu*  for  Welding  Shrapnel  Shells. 

rails  of  street-car  tracks.  We  have  already  referred 
to  the  difficulty  of  employing  the  tracks  for  the  re- 
turn circuit  by  reason  of  the  high  resistance  at  the 
joints  between  contiguous  rails,  and  have  described 
various  forms  of  bonds  for  such  purposes.  By  the 
use  of  suitable  welding  apparatus,  the  ends  of  two 
rails  can  be  welded  together  so  as  practically  to  form 
one  continuous  rail.  In  a  track  so  welded,  there  is 
no  greater  resistance  at  the  welded  joint  than  there 
is  at  any  other  portions  of  the  track.  The  electric 
power  required  for  this  welding  is  generally  drawn 
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directly  from  the  trolley  wire,  the  continuous  current 
so  obtained  being  employed  to  drive  a  rotary  trans- 
former.    In  this  manner,  the  continuous  current  em- 


Fia.  >S7.— ThomiDo  Welder  for  Welding  Rail*  on  Street  lUilwv- 

BiMtriciii  P'^y^*^  ^y  *h*  street-car  system  is  converted  into 

»e^c«  alternating  currents.      A  form  of  electric  welder 

employed  for  welding  car  tracks  is  shown  in  Fig. 


257,  actually  engaged  in  welding  together  two  ends 
of  a  track  on  a  street  railway.  Here  the  welding 
transformer  is  represented  at  T  T.    The  heavy  jaws. 
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J  J,  pivoted  at  V  V,  are  kept  apart  by  means  of  suit- 
able springs,  Z'  Z',  but  can  be  forced  together  by  the 
action  of  a  hydraulic  pump,  P,  so  as  to  exert  a  trans- 
verse pressure  through  the  secondary  terminals,  Z  Z. 
The  general  appearance  of  two  rails  after  th^  have 
been  welded  together  is  shown  in  Fig.  258. 

Electric  welding  has  been  practically  applied  to 
quite  a  variety  of  purposes,  but  our  space  will  pre- 


Fin.  3sg. — Thoniaon  Mcul  Wbeel  Spokc-wcldins  Maehliie. 

vent  any  further  description  of  this  interesting  art. 
Mention,  however,  might  be  made  of  the  form  ofipok"* 
apparatus  shown  in  Fig.  259,  which  is  especially  mLhiJ 
designed  for  welding  the  metal  wheel  spokes  to  the 
hub  of  the  wheel. 

As  to  some  of  the  results  that  have  been  obtained 
by  the  Thomson  system  of  electric  welding,  the 
following  may  be  quoted  from  the  lecture  by  Pro- 
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fessor  Thomson  to  the  Franklin  Institute,  before 
referred  to : 

'The  results  obtained  in  the  application  of  electric 
welding  to  the  various  metals,  promise  to  be  of  great 
practical  importance.     While  ordinarily  it  has  been 
the  exception  that  metals  weld  readily,  with  the 
^^tt       electric  method  no  metal  or  alloy  yet  tried  has  failed 
^ySt^     to  unite  with  pieces  of  the  same  metal,  and  the  trials 
SecSf"    have  included  most  of  the  metals  commonly  known 
jSSf     — such  as  wrought-iron,  mild  steel,  tool  steel ;  special 
steels,  such  as  Mushet  steel;  and  even  cast-iron  joints 
have  been  made  between  these  different  varieties  of 
iron.     Copper  and  its  alloys,  brass,  bronze,  German 
silver,  etc.;  silver,  pure  and  unalloyed,  gold,  like- 
wise platinum,  zinc,  tin,  lead,  aluminium.     The  list 
is  being  extended  as  time  and  facilities  permit. 

"Joints  between  different  metals  or  alloys  are 
often  easily  produced  if  their  physical  properties  are 
not  too  imlike.  Copper,  brass,  German  silver,  sted, 
of  dec-  and  iron  can  be  united  one  to  the  other,  and  in  some 
wddeS  cases  the  joints  are  of  remarkable  firmness  and 
strength.  I  will  close  the  present  paper  with  a  list 
of  possible  extended  applications  of  the  process  in 
the  arts,  which  is,  of  course,  subject  to  extension  in 
the  future. 

"(i.)  Joining  wires,  or  bars,  end  to  end,  whether 
round,  flat,  square,  or  polygonal  in  form.  Under 
this  heading  would  come  making  of  long  lengths  of 
wire  for  telegraph  and  telephone  line  work,  and  join- 
ing small  sections  of  wire  into  one  length  as  in  the 
construction  of  electrical  apparatus.  The  specimens 
exhibited  show  varieties  of  such  work. 

"Very  large  bars  of  iron  or  steel  may,  it  is  be- 
lieved, be  welded  when  the  power  of  the  apparatus 
is  proportionately  increased.  The  operation  is  un- 
doubtedly economical  of  heat,  because  the  heat  used, 
whether  obtained  from  steam  or  water  power  in- 
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directly,  is  concentrated  just  where  it  is  needed  for 
the  work  and  is  perfectly  regulable.      With  large  concentra- 
pieces,  a  saving  of  loss  of  heat  by  radiation  and  {JiSaiy^*^ 
convection  to  the  air  may  be  effected  by  applying  a  SSmS^ 
covering  or  shield  lined  with  a  non-conductor  of^J^f**^ 
heat,  and  made  in  sections  to  fit  over  and  inclose  ^^gjj^ 
the  work,  and  either  resting  on  it  or  kept  out  of 
contact,  as  the  case  may  be. 


II 


Fig.  a6o. — Some  Specimens  of  End-to- End  Electrically  Welded  Joints. 


''Examples  of  the  welding  of  bars  end  to  end  ap- 
pear in  Fig.  7  [our  Fig.  260],  which  is  taken  from 
a  photograph  of  bars  of  iron,  steel,  copper,  brass, 
zinc,  lead,  etc.     Some  of  the  bars,  19,  20,  and  2i,^^!^< 
have  been  bent  after  welding.     Bar  2  is  composed  S^^y 
of  iron,  copper,  and  brass.     Bar  3  is  of  copper,  but  SSS*** 
has  been  hammered  out  flat  at  the  weld.    Bars  16, 
17,  18,  and  23  are  square  or  rectangular  in  section. 
Bar  1 5  is  composed  of  two  pieces  of  cast-iron  welded 
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together,  and  the  resulting  bar  in  turn  welded  to 
a  wrought-iron  piece. 

"(2.)  Tubes  and  hollow  forms  of  various  metals 
5f3S^*°*  may  be  welded  together  with  facility,  and  it  would 
be  quite  within  the  bounds  of  easy  practicability  to 
lay  welded  lines  of  wrought-iron  or  mild  steel,  or 
even  cast-iron  pipe,  with  few  or  no  screw  joints.    A 


tricaliy 
welded 
tubular 
joiats. 


Fia  a6i. — Some  SpecimeuB  of  Electrically  Welded  Tubes. 

small  wire  may  convey  the  current  to  the  place  where 
the  work  is  to  be  done,  and  the  induction  apparatus 
may  be  mounted  so  as  to  be  portable.  As  the  joining 
of  lead  pipes  is  effected  with  ease,  a  soldered  or 
wiped  joint  need  no  longer  tax  a  plumber's  sldlL 
With  wrought-iron  pipe,  the  joints  can  be  pressed  or 
hammered,  while  the  heat  is  maintained  by  the  cur- 
rent. The  specimens  here  shown  give  some  idea  of 
the  work  acccnnplished    Fig.  8  [our  Fig.  261]  rep- 


ELSOTRiO    WELDING  641 

resents  the  appearance  presented  by  tubes  of  lead, 
brass,  copper,  and  iron  in  which  a  butt  weld  exists. 
Some  of  the  joints  have  been  hammered  during  the 
welding.  No.  i  is  a  lead  pipe,  bent  at  W»  after 
welding. 

''(3.)  Endless  hoops  or  rings,  such  as  wheel,  ties, 
barrel,  and  tank  hoops,  band  saws,  chain  links  and 
chain,  endless  wire  cables,  etc.,  may  be  easily  made 
or  mended.  Some  examples  of  such  work  are  here 
shown ;  one  of  the  most  notable  of  which  is  a  piece  S^SSw 
of  chain,  all  the  links  of  which  have  a  double  electric  jiS?" 
weld ;  or,  in  other  words,  the  links  are  made  of  two 
U-shaped  pieces  welded  together  at  both  ends  si- 
multaneously. One  of  the  links  is  made  of  such 
pieces  with  a  central  cross-bar  inserted  and  all 
welded  together,  the  said  bar  dividing  the  liiik  at 
its  centre. 

"(4.)  Making  and  repairing  steel  and  iron,  or 
other  metal  articles,  such  as  screw  bolts,  taps,  drills, 
knives,  and  cutting  instruments.  There  is  an  end- 
less variety  of  this  work,  which  can  be  materially 
assisted  or  simplified  by  electric  welding.  Bolts  are 
lengthened  or*  shortened  as  desired ;  taps,  drills,  au- 
gers, bits,  reamers,  etc.,  are  in  like  manner  length- screw 
ened.  Poorer  steel  may  be  used  for  the  body  of  a  driiit,  etc. 
tool,  and  better  for  the  portion  which  forms  the 
cutting  edge.  Lathe  tools,  worn  or  shortened  by 
use,  may  be  pieced  out  with  facility.  Different  di- 
ameters of  steel  bar  can  be  united  readily,  so  as  to 
save  forging  and  save  material.  Very  delicate  work, 
as  in  jewelry,  may  be  effected.  The  construction 
and  repair  of  delicate  tools  and  appliances  can  be 
facilitated  in  many  cases.**  Some  specimens  of  such 
work  are  shown  in  Fig.  262. 

In  addition  to  the  above  described  processes  of 
riectric  welding,  there  are  several  other  processes  de- 
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Rlcctric 
forging. 


pending  on  the  electric  heating  of  metals.  One  of 
the  most  prominent  of  these  is  electric  forging,  or 
the  working  of  various  metals.  In  this  process  the 
metal  to  be  forged  is  subjected  to  the  passage  of  a 
powerful  electric  current,  and  as  soon  as  the  proper 
temperature  has  been  obtained,  it  is  then  subjected 
to  the  action  of  a  forge  or  hammer,  as  in  the  usual 


Fio.  a6j.— Spedmeas  of  ElectricaUy  Welded  Tapi,  Drills,  Aagen» 

BitSi  etc 

manner.  For  some  purposes  it  has  been  found  con- 
venient to  obtain  the  necessary  increase  in  tempera- 
ture by  employing  the  path  of  conducting  liquid  al- 
ready referred  to,  and  then,  at  the  moment  when  the 
metallic  mass  is  suitable,  it  is  removed  from  the  path 
and  placed  on  the  forge  and  treated  in  the  usual 
manner. 

Another  valuable  applicaticxi  of  electric  heating 
is  for  electric  annealing.  In  the  process  for  produc- 
ing what  is  called  Harveyized  armor  plate,  a  low- 
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carbon  steel  plate  is  subjected  to  a  prcxreas  -whereby 
the  proportion  of  carbon  it  contains  is  increased. 
This  change  in  the  character  of  the  steel  affects  the 
thickness  of  the  plate  from  three-quarters  of  an  inch 
to  an  inch.  When  such  a  plate  is  subsequently  hard- 
ened by  immersion  in  water,  it  becomes  so  exceed- 
ingly hard  that  it  is  able  to  resist  tiie  blow  of  a  pro- 
jectile better  than  any  other  armor  plate  that  has 
been  so  far  produced.  At  the  same  time,  however, 
it  is  practically  impossible  to  bore  holes,  such  asfiS^*^' 
might  be  required  for  the  attachment  of  tedders, "°-»«- 
swivels,  or  other  similar  apphances,  to  the  htdl  of 
the  vessel.  In  order  to  be  able  to  make  these  drill 
holes  after  the  armor  has  been  placed  on  the  vessel, 
a  powerful  alternating  current  is  sent  through  the 
mass  of  metal  at  the  jJace  where  it  is  required  to 
form  the  drill  hole.  If  a  voltaic  arc  were  applied  at 
this  point,  and  the  softened  metal  afterward  allowed 
to  cool,  it  would  chill  so  rapidly,  and  again  take  on 
its  hardness,  that  it  would  still  be  impossible  to  drill 
it  by  the  ordinary  method. 

The  method  employed  for  electric  annealing  Har- 
veyized  plates  consists  in  the  following :  Blodcs  of 
copper  are  placed  on  the  surface  of  the  plate  where 
the  holes  are  to  be  drilled.  An  alternating  current 
is  sent  through  the  copper  plates.  As  soon  as  a  high 
temperature  has  been  obtained,  the  current  strength 
is  gradually  reduced,  so  that  the  cooling  takes  place 
slowly,  and  the  plate  consequently  becomes  suffi- 
ciently annealed  to  be  acted  on  by  the  drilL 

The  electric  heating  of  metals  to  the  point  of  fu- 
sion has  been  successfully  applied  to  the  casting  of  Electric 
metals.      In  this  process,  the  crucible  in  which  thcof^Sui. 
metals  are  to  be  melted  electrically  is  previously  ex- 
hausted of  air.     The  fused  metal  is  then  run  into 
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the  molds,  which  have  also  been  deprived  of  their 
air.  Under  these  circumstances,  it  is  found  that  the 
fused  metal  flows  much  more  readily,  so  that  there 
is  obtained  a  much  more  sharply  marked  casting 
than  in  casting  by  the  ordinary  method.  Moreover, 
the  texture  of  the  cast  metal  is  much  finer  grained, 
and  the  entire  casting  free  from  the  usual  blow- 
holes that  are  apt  to  occasion  so  much  difficulty. 

Of  the  different  processes  above  described,  viz., 
the  electric  welding,  electric  forging,  electric  casting, 
and  electric  soldering,  the  former  is  by  far  the  most 
fanu^  valuable.  While  it  is  true  that  electric  welding  pre- 
wddkS?*^  sents  many  difficulties  in  actual  practice,  where  a 
great  variety  of  work  is  to  be  accomplished,  owing 
to  the  fact  of  the  great  variations  in  the  current 
strengths  and  pressures  required,  yet  where  a  suffi- 
cient number  of  weldings  of  the  same  type  and  char- 
acter are  required  to  be  done,  electric  welding  pos- 
sesses very  marked  advantages  over  any  other 
method.  Some  of  the  more  marked  advantages 
possessed  by  electric  welding  over  ordinary  proc- 
esses are  thus  referred  to  in  a  report  made  by  Sil- 
vanus  P.  Thompson,  Professor  of  Experimental 
Physics,  in  the  University  College,  Bristol,  England, 
as  follows : 

"I  have  examined  not  only  the  welding  machines 
in  which  the  operation  is  conducted  and  specimens 
welded  by  their  use,  but  also  the  electric  machinery 
siivanusP.  for  generating  or  supplying  the  electric  currents. 
oncicSrfc  Every  facility  has  been  granted  to  me  for  observing 
^*     ^'     the  construction  and  action  of  the  whole  of  the  ma- 
chinery and  for  handling  it  myself.     I  have  made 
a  number  of  electrical  measurements  upon  the  cur- 
rents supplied  by  the  generators  to  the  welding  ma- 
chines during  the  execution  both  of  large  and  small 
welds,  and  in  particular  made  a  series  of  electrical 
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measurements  upon  the  eighty  specimen  welds  exe- 
cuted at  Hoxton,  in  the  presence  of  Sir  Frederick 
Bramwell,  at  which  trial  I  also  was  present. 

"...  One  of  the  most  striking  features  of  the 
process  is  the  precision  with  which  the  heat  is  local- 
ized at  the  spot  required.  For  example,  when  two 
bars  of  inch-iron  or  steel  are  welded,  they  become 
red-hot  for  a  length  of  about  ij4  inches  on  either 
side  of  the  weld,  but  at  distances  an  inch  further 
from  the  weld  are  quite  cool  when  they  ccmie  from 
the  machine.  There  is,  therefore,  no  unnecessary 
waste  of  heat.  This  arises  partly  from  the  excel- 
lence of  the  arrangements  for  clamping  the  pieces  in 
massive  copper  clamps,  but  it  is  mainly  due  to  the 
great  rapidity  of  action  inherent  in  the  process.  The 
introduction  of  the  electric  transformer  enables  enor- 

Time 

mous  currents  to  be  so  applied  to  the  weld  as  to  element 
spend  their  energy  just  at  the  point  where  heating  welding.* 
is  required.  They  need,  therefore,  only  to  be  ap- 
plied for  a  few  seconds,  and  the  operation  is  com-^ 
pleted  before  the  heat  generated  at  the  weld  has  had 
time  to  escape  by  conduction  to  any  other  part.  The 
time  required,  for  example,  to  weld  round  iron  bars 
of  I J^ -inch  diameter  was  on  the  average  less  than 
33  seconds ;  though  it  could  be  accelerated  to  25  sec- 
onds, or  lengthened  so  as  to  last  45  seconds.  Round 
bars  of  steel  of  ^-inch  diameter  only  required  16 
seconds  for  welding,  and  were  quite  cool  at  a  dis- 
tance of  I  ^ -inch  on  either  side  of  the  weld. 

"Such  rapidity  is  the  consequence  of  the  arrange- 
ment which  permit  an  enormous  electric  current  to 
be  suddenly  generated  exactly  at  the  time  and  place 
where  the  local  heating  is  required. 

"Although  the  quantity  of  the  current  so  employed 
in  the  pieces  to  be  welded  is  enormous,  the  potential 
at  which  it  is  applied  is  extremely  low,  not  much  ex- 
ceeding that  of  the  batteries  of  cells  used  for  ringing 
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dectric  bells  in  houses,  and  quite  incapable  of  giving 
any  shock  to  the  operator.  While  a  weld  was  being 
made  I  have  grasped  the  copper  damps  of  the  weld- 
ing machine  with  my  two  hands  (having  moistened 
them  previously  to  render  the  skin  more  susceptible), 
bat  was  unable  to  perceive  the  smallest  shock  or 
ftoa^c^  other  sensation.  The  primary  circuit  of  the  machine 
^MMk  is  at  a  h^er  potential;  high  enough,  if  not  pro- 
tected, to  give  a  sensible  but  not  a  dangerous  shock. 
This  portion  of  the  machine  is,  however,  not  acces- 
sible from  the  side  where  the  qperator  works,  and  is 
securdy  guarded.  I  have,  myself,  while  standing 
on  the  floor,  touched  all  the  accessible  parts  of  the 
madiine  back  and  front  while  it  was  in  action,  and 
have  been  unable  to  detect  more  than  the  faintest 
tingling.  I  consider,  therefore,  that  the  machine 
may  be  used  with  entire  freedom  from  risk  to  life 
or  limb.  .  .  . 

"I  procured  from  Messrs.  Pfeil  &  Co.,  of  Clerken- 
well  and  Sheffield,  some  samples  of  cast-steel  of  a 
quality  whidi  is  largely  employed  for  tool  steel. 
This  material  is  generally  regarded  as  unwddable, 
and  the  samples  procured  by  me  were  found  to  bear 
tory         the  maker's  usual  label,  stating  that  'this  steel  is  not 
of  eiec      weldable.'     These  samples  I  sent  to  Hoxton,  where 
wewcd      tiie  engineer  in  charge  of  the  welding  found  no  diffi- 
culty in  welding  them,  the  wdds  proving,  when  cold, 
to  be  good  welds,  quite  satisfactory  for  the  purpose 
of  steel  tools. 

*'S<Mne  other  tests  I  have  made  of  an  dcctrical 
nature  upon  samples  of  wdds  produced  by  the 
Thomson  process.  I  have  measured  the  dectric 
conductivity  of  various  welded  bars  with  the  view 
of  ascertaining  whether  the  conductivity  of  the 
welded  joint  was  inferior  to  that  of  the  rest  of  the 
bar.  In  very  few  cases  was  the  conductivity  of  the 
joint  at  all  lower  than  that  of  the  rest  of  the  bar;  la 
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most  cases  it  was  the  same,  and  in  two  cases  (steel) 
actually  higher.  Such  tests,  in  my  judgment,  go 
far  to  show  that  a  very  perfect  homogeneity  of  struc- 
ture is  secured  by  this  method  of  welding.  This  is 
what  one  would  expect  from  a  method  of  welding  h^^ne- 
in  which  the  union  of  the  parts  commences  at  the£^°<^ 
interior,  and  works  outward  until  the  weld  is  com- 
plete, and  in  which  the  surfaces  which  are  to  be 
united  are  not  exposed  heated  to  the  air,  but  are 
only  heated  in  the  act  of  forcing  them  into  contact 
with  one  another.'' 


VI 

ELECTRO-THERAPEUTICS 

CHAPTER   XXXI 

EARLY   HISTORY   OF   ELECTRO-THERAPEUTICS 

ELECTRO-THERAPEUTICS, or  electro-ther- 
apjr,  is  that  branch  of  electric  science  which 
treats  of  the  applications  of  electricity  to  the 
curing  of  disease.     It  forms  a  branch  of  the  more 
Biectro-     general  subject  of  electro-biology,  which  treats  of 
tics  and      the  electric  condition  of  living  animals  and  plants, 
biology,     and  the  effects  produced   in  them  by  electricity. 
Electro-biology  includes  two  distinct  subjects;  viz., 
electro-physiology,  which  treats  of  the  electric  phe- 
nomena of  animals  and  plants,  and  electro-therapeu- 
tics.    As  far  as  the  presence  of  electric  currents  in 
plants  and  animals  is  concerned,  electro-physiology 
has  already  been  generally  referred  to. 

In  our  study  of  electro-therapeutics,  we  shall  be 

able  briefly  to  discuss  only  the  aj^aratus  required  to 

produce  the  electric  charges  and  discharges  that  are 

employed  in  the  treatment  of  diseased  conditions  of 

Jf  rtudiSf*  *h^  human  body,  as  well  as  the  general  phenomena 

for  taSti.  produced  in  different  parts  of  the  body  by  the  appli- 

d«l?rS!      cation  of  electricity.     This  treatment  by  no  means 

ihcrapeu.    covcrs  the  entire  subject  of  electro-therapeutics.     In 

addition,  there  should  be  given  a  thorough  knowl- 

(548) 
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edge  of  electricity,  together  with  a  limited  knowl- 
edge of  electro-technology.  There  should  also  be  pS^JfoSjgy. 
added  a  thorough  knowledge  both  of  anatomy  and 
physiology;  anatomy,  as  treating  in  general  of  the 
internal  structure  of  the  body  and  its  various  organs, 
as  revealed  by  actual  dissection,  and  physiology  as 
embracing  the  phenomena  of  life,  together  with  the 
functions  of  the  different  organs  of  the  body.  This 
will  include  a  knowledge  of  the  circulation  of  the 
blood,  respiration,  digestion,  absorption,  secretion, 
and  excretion,  as  well  as  the  study  of  the  general 
and  special  nervous  systems.  To  anatomy  and  phys- 
iology there  should  be  added  a  knowledge  of  pathol- 
ogy, or  that  branch  of  medical  science  which  treats 
of  the  diseased  conditions  of  the  organs  of  the 
body,  of  the  sjrmptoms  of  such  diseased  conditions, 
their  predisposing  and  existing  causes,  together  with 
a  knowledge  of  their  progress.  Pathology,  there- thafshouff 
fore,  embraces  diagnosis,  or  the  determination  ofbvthe 
the  character  of  the  disease,  and  prognosis,  or  anthenpiA. 
opinion  as  to  the  probable  results  of  the  diseased 
condition.  But  in  addition  to  these,  a  complete 
treatment  of  electro-therapeutics  should  include  a 
knowledge  of  materia  medica;  i.e.,  of  the  phar- 
maceutical agents  employed  in  the  treatment  of 
abnormal  conditions  of  the  body,  since  the  best 
results  can  only  be  obtained  from  the  applica- 
tion of  electricity  when  taken  in  connection  with 
ordinary  treatment. 

But  it  would  clearly  be  impossible,  in  the  limits  of 
this  book,  to  enter  into  a  discussion  of  these  various 
parts  of  the  science,  since  to  do  so  would  practically 
necessitate  a  treatise  on  the  medical  arts  and  sciences. 
We  shall,  therefore,  content  ourselves  with  a  discus- 
sion rather  of  electricity  in  electro-therapeutics  than 
the  discussion  of  electro-therapeutics  in  its  entirety. 
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It  IS  evident  that  a  very  extended  knowledge  is 
required  on  the  part  of  the  electro-therapist.  In 
addition  to  being  an  adept  in  electric  science,  and, 
to  a  limited  extent,  an  electro-technologist,  he  should 
be  a  skilled  anatomist,  physiologist,  and  pathologist, 
as  well  as  a  pharmaceutist.  Moreover,  he  must  have 
learned  how  to  apply  these  branches  to  the  every- 
day practice  of  his  profession.  Unfortunately,  a 
general  belief  exists  amon?  a  certain  class  in  the 

The  /iatt-       " 

prs  arising  community  that  any  one  is  capable  of  safely  acting 
u?KienUfic  as  his  own  doctor,  so  far  as  treatment  by  electricity  is 
S?nt  of      concerned.     Although  it  is  generally  recognized  that 
a  necessity  exists  for  limiting  ordinary  medical  treat- 
ment to  the  regularly  licensed  practicing  physician, 
yet  it  would  appear,  by  some  strange  process  of  rea- 
soning, to  be  believed  that,  so  far  as  electrical  treat- 
ment is  concerned,  a  difference  exists.     If  one  can 
only  become  the  possessor  of  some  form  of  electrical 
machine  or  medical  battery,  he  is  too  prone  to  be- 
lieve himself  fully  competent  to  treat  either  himself 
or  others.     This  conclusion  is  probably  based  orf  a 
^JS^Spl?    process  of  reasoning  not  unlike  that  which  induces 
m^icif  ***  the  medical  charlatan  to  write  the  old  shotgun  pre- 
^'^^"^^      scription,  which  contains,  perhaps,  some  dozen  or 
more  drugs,  in  the  vain  hope  that  some  of  them  may 
chance  to  be  the  required  remedy. 

It  is  exceedingly  difficult  to  pass  an  electric  dis- 
charge through  a  limited  part  of  the  body.  In  prac- 
tically all  cases,  some  of  the  current  passes  through 
all  the  remaining  parts  of  the  body.  The  general 
belief  appears  to  be  that,  no  matter  how  or  where 
applied,  the  diseased  portion  of  the  body  must  neces- 
sarily be  reached.  It  needs  no  philosopher  to  sec 
that,  as  with  the  shotgun  prescription,  the  little  good 
which  might  possibly  result  should  the  prescription 
contain,  by  chance,  some  one  or  more  of  the  re- 
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quired  remedies,  might  be  more  than  balanced  by  the 
evil  effects  of  some  of  the  remaining  remedies.  So, 
too,  in  the  similar  treatment  of  the  human  body  by 
electricity,  the  good  that  may  be  done  in  one  dlirec- 
tion  is  often  more  than  n^^atived  by  the  evil  done 
in  odier  directions. 

There  can  no  longer  be  any  doubt  that  electricity, 
when  properly  applied  to  a  diseased  body,  is  capable, 
in  many  cases,  of  restoring  it  to  its  normal  condition. 
This  it  does  in  various  ways,  either  by  stimulating 
different  organs  or  functions  of  the  body,  by  reason 
of  its  action  on  tiie  nerves  and  muscles,  or  by  restor-  u^^^ood 
ing  the  secretions  and  excretions  to  their  normal  ei^ct^ 
activity.  But  there  can  equally  be  no  doubt  that,  in  trMuS^t!^ 
the  hands  of  an  ignorant  person,  electricity  is  capa- 
ble of  doing  far  more  harm  than  good.  How  can 
one  intelligently  apply  a  powerful  curative  remedy 
like  electricity,  unless  he  is  able  to  determine  whetho* 
the  patient  needs  such  treatment,  whether,  in  reality, 
any  diseased  condition  exists ;  and,  supposing  that  it 
does  ecist,  how  can  such  a  person  determine  when 
the  proper  time  has  come  to  stop  the  treatment,  by 
reason  of  the  diseased  condition  having  been  over- 
come or  cured  ?  To  do  either  of  these  things  intelli- 
gently, he  must  be  equally  able  to  recognize  with 
certainty  the  characteristics  of  disease  and  health,  g,^^^ 
As  is  well  known,  in  certain  diseased  conditions,  in-  chariaum. 
creased  stimulation  of  any  of  the  functions  of  the 
body  may  result  fatally,  while,  in  other  conditions,  a 
failure  to  stimulate  certain  functions  may  result  in 
death.  Clearly,  for  an  ignorant  person  to  apply  in- 
discriminately to  the  entire  body  a  remedy  that  may 
increase  the  stimulation  of  certain  parts,  or  decrease 
the  stimulation  of  others,  is  both  foolish  and  dan- 
gerous. 
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In  all  intelligent  governments,  the  general  public 
is  protected  from  the  danger  arising  from  improper 
medical  treatment  by  legal  enactments  that  forbid, 
under  heavy  penalties,  the  practicing  of  medicine 
except  by  tiiose  who  can  show  diplomas  received 
from  regularly  authorized  medical  schools.  Such  pro- 
fkenalSd''^  tcctiou  is  cven  morc  required  in  the  case  of  electro- 
tbm^tic  therapeutical  practitioners,  and,  fortunately,  in  some 
m  dedr"'  parts  of  the  country,  this  protection  has  been  par- 
*"*'  tially  afforded.  But  what  would  appear  to  be  equally 
needed,  is  the  protection  of  people  against  them- 
selves; and  this  can  only  be  effected  by  a  general 
discrimination  of  the  facts  of  the  case.  It  is  some- 
times urged  against  those  who  would  obtain  the  en- 
actment of  a  law  limiting  the  practice  of  medicine 
or  electro-therapeutics  to  those  who  have  been  regu- 
larly instructed  in  the  art,  based  on  actual  experi- 
ence, that,  in  no  inconsiderable  number  of  cases,  peo- 
ple that  have  never  possessed  the  advantages  of  such 
training,  can  undoubtedly  produce  abundant  evi- 
dence of  their  having  obtained  marked  cures.  It 
should  not  be  forgotten,  however,  even  assuming 
such  certificates  of  cure  to  be  reliable,  that  it  is 
only  the  people  who  are  cured  that  write  the  certifi- 
cates, not  those  who  are  killed.  Probably,  one  of 
the  best  ways  of  protecting  the  public  in  this  direc- 
tion would  be  the  enactment  of  a  law  which  would 
impose  heavy  penalties  on  all  who  advertise  the  cures 
which  they  claim  they  have  brought  about,  unless, 
at  the  same  time,  a  publication  be  made  containing 
a  true  statement  of  all  the  cases  that  they  have  actu- 
ally treated,  together  with  the  results  of  such  treat- 
ment. 

stranger,        From  the  earliest  times,  even,  indeed,  up  to  to-day, 

poMarthe  nien  appear  to  be  willing  to  try  any  remedy,  however 

^^'*^-     strange  it  may  be,  in  order  to  regain  their  health. 
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Indeed,  the  strangner  or  more  mysterious  the  remedy, 
the  more  willing  and  desirous  they  appear,  in  many 
cases,  to  try  it. 

If  we  may  credit  the  statiement  of  a  Roman  writer, 
one  Scribonius  Largus,  as  early  as  50  a.d.  a  Roman 
freedman  named  Anthcro  subjected  his  body  to  a  S^s^lSd 
number  of  shocks  from  an  electric  torpedo  in  order  ^  *  ^"^^ 
that  he  might  be  cured  from  a  troublesome  attack 
of  gout. 

It  is  an  exceedingly  interesting  fact  that  in 
nearly  all  cases  the  discovery  of  a  new  electric 
source  has  been  followed  by  its  almost  immediate 
aprplication  to  the  curing  of  diseased  conditions  of 
the  human  body.  The  early  frictional  electric  ma- 
chines were  employed  for  the  curing  of  diseases  in 
a  manner  that  was  very  similar  to  that  in  which 
they  are  employed  to-day,  although  of  course  their 
use  then  could  not  have  been  as  intelHcfent  as  itc»vaUoand 

°  electro* 

may  be  to-day.  Cavallo,  in  his  book  on  Electricity,  ibwapeo- 
already  referred  to,  states  that  in  1748  Jellabert, 
of  Geneva,  subjected  a  number  of  invalids  to  the 
action  of  the  discharge  of  a  frictional  electric  ma- 
chine in  practically  the  same  manner  as  such  a 
machine  is  employed  to-day;  viz.,  by  connecting 
one  of  the  terminals  to  the  body  of  tfie  patient  to 
be  treated,  and  taking  either  disruptive  or  convec- 
tive  discharges  from  various  parts  of  the  body  by 
a  blunt  and  polished  metallic  ball  or  metallic  points 
or  combs  connected  with  the  other  terminal  of  the 
machine.  Cavallo  claims  that  in  this  manner 
Jellabert  had  been  able  to  cure  one  of  his  patients 
whose  right  arm  had  been  paralyzed.  Manduyt, 
too,  in  1871,  claims  to  have  similarly  cured 
one  of  his  patients  who  was  suffering  from 
paralysis. 
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The  invention  of  the  Ley  den  jar,  in  1745,  was  im- 
Jr**^^***"  mediately  followed  by  its  application  to  curative 
SSipiu-  purposes.  The  strange  and  astounding  physical  ef- 
^^'  fects  produced  on  the  human  body  by  its  discharge 

led  to  the  most  extravagant  ideas  concerning  its 
therapeutic  power,  and  it  was  employed  to  a  con- 
siderable extent  for  the  curing  of  diseases.  There 
is  very  little  doubt  that  such  use  is  attended  in  some 
cases  by  satisfactory  results,  for,  as  we  now  know, 
such  discharges,  when  properly  applied,  are  often 
attended  by  a  marked  improvement  in  the  condition 
of  the  patient. 

The  invention  of  the  voltaic  battery  was  almost 
immediately  followed  by  its  application  as  a  thera- 
Humboidt  peutic  agent.     One  of  the  earliest  workers  in  this 
oaeiectrte-  direction  was  Humboldt,  who  made  a  series  of  in- 
wative     vestigations  on  the  effects  produced  on  the  human 
*'*"''       body  by  the  discharge  of  the  voltaic  battery.    An- 
other early  writer  on  this  subject  was  Aldini,  a 
nephew  of  Galvani,  who  published  a  book  on  the 
electric  curing  of  diseases. 

The  invention  of  the  induction  coil  was  another 
The  Indue-  instancc  of  an  electric  source  that  was  no  sooner 
eiectrol  *°  invented  than  it  was  applied  as  an  electro-therapen- 
^^^^'     tic  agent.    This  use  has  extended  down  to  the  present 
day,  this  form  of  electric  apparatus  being  very  fre- 
quently employed  for  the  curing  of  disease. 

It  is  a  strange  fact  that  many  of  the  early  electro- 
therapeutists  believed  that  the  curative  properties  of 
medicinal  substances  contained  in  sealed  glass  ves- 
sels could  readily  pass  through  the  walls  of  the  vessel 
and  so  act  on  persons  placed  near  them.  Probably 
this  was  due  to  the  fact  that  at  this  time  there 
existed  a  general  belief  in  what  were  called  effluvia. 
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that  is,  matter  in  a  state  of  very  fine  division.    We 
find  in  the  early  electric  literature  a  statement  made  n™^°ed 
by  Dr.  Bruni  to  Franklin  that  medicine  shut  up  injjf^*^ 
sealed  glass  vessels  produced  their  characteristic  ef- 
fects on  a  person  who  was  electrified  by  the  use  of 
such  vessels. 

It  will  be  interesting  to  note  what  Franklin  said  Franklin's 
concerning  Dr.  Bruni's  communication.     The  f ol- cauSS "S the 
lowing  extract  is  taken  from   remarks  made  by^^. 
Franklin  before  the  Royal  Society : 

"Dr.  Bruni  gives  me  next  in  his  information  from 
Rome,  which  is,  that  a  gentleman  there  covered  the 
internal  surface  of  a  glass  cylinder  (which  some  use 
instead  of  a  globe)  with  a  purgative  medicine;  and 
that  a  man,  electrified  therewith,  found  on  the  spot 
the  same  effect  as  if  he  had  swallowed  the  medicine. 
He  then  recommended  to  us,  in  England,  to  try  how 
far  the  electric  power  may  be  of  service  in  distem- 
pers. 

"These  cases,  and  particularly  the  last,  as  it  may 
to  some  appear  extravagant  and  whimsical,  I  should 
have  been  cautious  of  bringing  before  the  Royal  So-  beSef  aft* 
ciety,  had  you  not  judged  it  proper  they  should  beoftwhu^ 
added  to  those  similar  accounts  from  other  places,  ing  electro 
which  were  read  to  us  last  meeting.    I  think  neither  SiiSS**" 
myself  nor  Dr.  Bruni  answerable  for  the  truth  of 
these  facts,  as  we  relate  no  more  than  we  have  re- 
ceived.    In  truth,  all  the  phenomena  in  electricity 
are  so  wonderful  that  it  is  scarcely  prudent  to  deny 
the  possibilities  of  any  accounts  concerning  it  till 
we  have  made  experiments  carefully  ourselves.    We 
are  very  sure  it  is  possible  to  render  a  living  body 
replete  with  electrical  effluvia,  or  to  transmit  and 
send  such  effluvia  through  a  living  body,  in  a  stream, 
as  long  as  we  think  proper:  we  are  not  sure  that 
it  is  impossible  for  tiiese  effluvia  to  convey  with 
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them  into  that  living  body  the  most  subtile  and  ac- 
tive efSuvia  of  other  substances ;  and  if  they  can  do 
so,  the  effects  suggested  are  not  wholly  improbable, 
for  several  experiments  have  proved  that  a  very  mi- 
nute quantity  of  medicine/ transfused  directly  into 
the  blood  and  circulating  fluids,  will  have  the  same 
effect  as  a  large  dose  thereof  taken  into  the  stomach." 

In  a  similar  manner,  it  was  believed  that  various 
vSS^  aromatic  substances,  when  shut  up  in  hermetically 
^^tic  sealed  glass  vessels,  were  able  to  be  transmitted 
SJS5^*^  through  the  walls  of  such  vessels  to  such  an  extent 
glass  tubes,  ^j^^^^  ^j^^  could  readily  exert  their  peculiar  influence 

on  the  bodies  of  persons  placed  near  the  vessel. 

i 

Notwithstanding  the  recent  strange  results  ob- 
tained by  the  use  of  the  radium  rays,  which,  as  we 
know,  possess  the  power  of  penetrating  many  solid 
substances,  there  can  be  but  little  doubt  that  the 
preceding  ideas  had  no  foundation  in  fact. 
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CHAPTER  XXXII 

ELECTRO-THERAPEUTIC  APPARATUS  AND  TREATMENT 

THE  principal  electric  sources  that  are  employed 
in  electro-therapeutics  have,  for  the  greater 
part,  been  already  referred  to  in  the  pre- 
ceding volumes  of  this  work.    Grenerally,  however, 
some  slight  modifications  are  given  to  such  appara- SSS?cm- 
tus  when  employed  by  the  electro-therapist.     TheS22t*" 
underlying  principles  of  their  operation  are  of  course  SS****^ 
the  same,  no  matter  for  what  puroose  they  may  be 
employed. 

Electro-therapeutic  apparatus  consists  broadly  of 
various  electric  sources  and  of  different  electro- 
receptive  devices  that  are  employed  for  the  purpose 
of  obtaining  some  of  the  many  effects  electric  cur-eiccm>. 
rents  are  capable  of  producing.  Some  of  the  prin-soSSS!*  ^ 
cipal  electric  sources  are  the  frictional  electric  ma- 
chine, the  electro-static  induction  machine,  either 
with  or  without  Ley  den- jar  batteries,  various  forms 
of  voltaic  batteries,  dynamo-electric  machines  or 
generators,  together  with  different  forms  of  induc- 
tion coils  and  alternating-current  transformers. 

The  above-named  sources  are  employed  either  for 
the  purpose  of  transmitting  the  electric  currents  soS*S^"?k 
produced  directly  to  the  body  of  the  patient,  or  for 
use  in  connection  with  other  apparatus  for  the  pur- 


sonrces. 
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pose  of  obtaining  the  desired  heating,  magnetic,  elec- 
trolytic, and  luminous,  or  other  radiation  effects  that 
are  desired. 

The  old  forms  of  frictional  electric  machines,  al- 
though at  one  time  very  generally  employed  in  elec- 
uiS^i-     tro-therapeutics,  are  now  almost  entirely  replaced  by 
22SSS«i    some  of  the  forms  of  electro-static  induction  ma- 
chines already  described.     For  electro-therapeutic 


w™r 


Fic  16}.— Wngner  16-plMC  Blectro-tuilc  Machine. 

apparatus  electro-static  induction  machines  may  be 
employed  with  from  2  to  16  plates.  In  these  ma- 
chines half  the  plates  are  fixed  and  the  other  half  are 
capable  of  being  revolved. 

In  the  case  of  the  machine  represented  in  Fig.  263 ; 
i,e.,  a  i6-plate  Wagner  electro-static  machine  that  is 
considerably  employed  in  electro-therapeutics,  8  of 
the  plates  are  fixed  and  the  remaining  8  are  capa- 
ble of  being  revolved.     Here  the  plates  are  com- 
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posed  of  a  composition  of  thin  films  of  mica  and 
shellac  that  is  formed  as  follows:  Sheets  of  mica 
that  are  separated  from  one  another  in  as  thin  films 
as  possible  are  placed   inside  a  steel   form  with 
layers  of  finely  divided  shellac  placed  between  them. 
The  form  is  heated  so  as  to  soften  the  shellac,  and 
is  then  subjected  to  heavy  hydraulic  pressure.     In 
this  way  plates  are  obtained  that  can  be  readily  run 
at  some  2,000  revolutions  per  minute  without  danger 
of  breaking.    Composite  mica  plates  formed  in  this  mSSSac-' 
manner  also  possess  the  advantage  of  not  being  so  mlca-putes 
readily  affected  by  deposits  of  moisture  from  the  at-  Sltk*^"*" 
mosphere  as  are  glass  plates.     In  order,  however,  ■'****'**^ 
that  the  apparatus  shall  be  kept  as  free  as  possible 
from  moisture  deposited  on  it  from   the  atmos- 
phere,  it  is  covered   by  a  glass   case,   inside   of 
which  is  placed  some  substance  like  calcium  chlo- 
ride, that  possesses  a  strong  attraction  for  moisture. 
The  machine  is  generally  arranged  so  as  to  be  set 
into  revolution  by  an  electric  motor  or  by  a  water 
motor.    Ley  den  jars  are  placed  so  that  they  can  be 
connected  with  the  sliding  metallic  terminals,  and 
thus  permit  either  the  condensed  spark  or  the  con- The 
vective  discharge  to  be  obtained.     This  latter  dis-wiS: 
charge  is  generally  known  in  electro-therapeutics  ^^'** 
by  the  questionable  name  "static  breeze.'* 

In  the  emplo)mient  of  an  electro-static  machine, 
the  patient  is  generally  placed  on  an  insulated  stool 
on  a  metallic  plate  that  covers  a  part  of  its  upper  Method  of 
surface.    One  of  the  terminals  of  the  machine  is  con-  SlStriScur- 
nected  with  this  plate,  and  the  other  is  held  in  theeiectto- 
hand  of  the  operator  by  means  of  an  insulated  han-  luchmes 
die.     This  terminal  of  the  machine  is  either  pro- therapeutic 
vided  with  a  polished  metallic  ball  that  is  brought '^'*''****^ 
near  to  different  portions  of  the  body  of  the  patient 
from  which  it  is  desired  to  take  electric  sparks,  or 


660  SLBCTRIjOITT  m  EVmtT^BAT  L2FSB 

it  is  connected  vnth  a  metallic  point  when  it  is  de- 
sired to  draw  the  convective  discharge  from  the  dif- 
ferent parts  of  the  body  of  the  patient  to  whidi  it 
is  approached. 

As  is  well  known,  daring  the  discharge  of  power- 
ful electric  machines  a  considerable  quantity  of  ozone 
is  generated.  In  some  cases  liiis  ozone  probably 
Ozone  and  foTms  an  important  part  of  the  electro-therapeutic 
SSJ^**"  value  of  electricity  applied  in  this  manner.  It  is 
sometimes  concentrated,  however,  in  devices  called 
ozone  generators,  which  operate  practically  by  the 
discharge  of  the  electric  spark  through  a  confined 
mass  of  air,  which  is  afterward  blown  on  an  ex- 
posed portion  of  the  body  of  the  patient  who  is  being 
treated. 

Voltaic  batteries  are  employed  to  a  great  extent 
in  electro-therapeutics.     These  batteries  generally 
consist   of   series-connected   batteries   of  different 
Silver        forms  of  voltaic  cells.     The  silver  chloride  voltaic 
baite!y*for  ccll  is  suitablc  for  all  purposes  where  a  small  cur- 
fh^a^u.    rent  of  high  electro-motive  force  is  desired.    This 
pSrpoaei.    ccU  consists  of  a  zinc-silver  couple  immersed  in 
electroljrtes  of  fused  silver  chloride  and  sal  am- 
moniac.   Each  cell  gives  an  electro-motive  force  of 
1 .03  volts.    Fig.  264  shows  a  voltaic  battery  of  this 
type  with  50  separate  cells  that  can  be  connected  in 
series.    They  are  arranged,  however,  so  that  all  or 
a  part  of  the  cells  can  be  employed  at  one  time. 

Where  more  powerful  electric  currents  are  nec- 

some  odier  ^^^'  battcrics  of  the  silver  chloride  type  would 

forms  of     be  impracticable.    In  such  cases  the  battery  is  formed 

batteriet.    of  Other  typcs  of  voltaic  cells  or  by  combinations  of 

storage  cells.     Voltaic  batteries  of  this  latter  type 

are  generally  emj^oyed  where  the  heating  effect  of 
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the  current  is  required,  or,  as  it  is  called,  for  cau- 
tery effects. 

Where  batteries  are  employed  consisting  of  a  num- 
ber of  series-connected  storage  cells  for  cautery  pur- 
poses, as  well  as,  indeed,  for  any  purpose  requiring 
a  large  amount,  there  is  provided  in  the  apparatus  a  J^p"^" 
number  of  separate  resistances  that  can  be  readily  JjJ^ 
introduced  into  or  removed  from  the  circuit  con-jf^jj]!^' 
nected  with  the  battery  by  means  of  a  suitable  form  S^SSS 
of  rheostat  or  regulable  resistance  box.     Fig.  265  ^'•^*^ 


Fic.  96t.-Ba[a37  of  Fifty  Sccte-CoDiicctcd  Chloride  of  Sfinr  Votalc 
Cell*.  NotelheierieicoaDectloniofUieMpBreteToluic  celU.  ThcMconMe- 
tloiu  an  gCDcnilly  (a  Dude  that  rarloui  etectro-mativc  forca  are  rodUy  ol> 
laloed  by  employing  *U  or  only  ■  portion  of  the  cells  Kt  oDt  time 

represents  a  form  of  storage  battery  of  this  type. 
The  current  is  taken  from  the  binding  posts  rq>re- 
sented  at  A  and  6,  and  the  regulable  switch  arm 
S  is  so  arranged  that  it  is  capable  of  moving  so  as 
to  introduce  into  or  remove  from  the  circuit  any  or 
all  of  the  resistances.  In  this  manner  the  strength 
of  the  current  produced  is  readily  r^^lated  within 
certain  limits. 

Various  forms  of  dynamo-electric  machines  andnew^" 
magneto-electric  machines  are  employed  for  general-  liuhinci. 
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ing  the  cuiTMits  employed  in  electro-therapeutics. 
These  machines  are  either  driven  \yy  the  hand  or  by 
means  of  electric  motors. 

The  induction  coil,  or,  as  it  is  more  frequently 
called,  the  Faradic  coil,  is  very  generally  employed 
.  in  electro-therapeutics.  The  medical  induction  coil 
is  most  generally  employed  in  the  form  of  a  step-up 
transformer,  though  sometimes  it  is  employed  as 
a  step-down  transformer.     The  currents  that  are 


Fio,  i6s.— PortEble  Caatery  Bsttrry  (Stonge  Cell  Type).     Ho«e  the 


passed  throug^i  the  primary  circuit  are  generally  ob- 
tained from  a  suitably  ccHinected  voltaic  battery,  the 
aecCMidary  of  the  coil  being  connected  either  directly 
to  the  electrodes  applied  to  the  body  of  the  patient  or 
to  the  apparatus  that  is  used  in  connection  with  such 
electro-therapeutic  treatment. 

In  order  to  obtain  the  necessary  alteniations  or 
makes  and  breaks  of  the  current  some  fonn  of 
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automatic  make-aiid-break  apparatus  is  employed. 
Sometimes  induction  coils  are  operated  by  means  of  naL^d^ 
alternating  currents  obtained  from  a  motor-driven  ^'^tat. 
dynamo.    In  this  case  true  alternating  currents  are 
employed. 

The  electric  currents  produced  by  induction  coils 
are  sometimes  called  Faradic  currents  in  order  to 
distinguish  them  from  the  currents  produced  by  the 
voltaic  batteries,  that  are  called  Galvanic  currents.  Gaiv^^il^ 
In  a  similar  manner  currents  produced  by  electro- p^kiioic 
static  induction  machines,  or  frictional  machines,  are  ®'^"*- 
sometimes  called  Franklinic  currents. 

Sometimes  portafde  apparatus  is  constructed  that 
is  capable  of  producing  either  Faradic  or  Galvanic 
currents.    In  this  case  the  instrument  contains  both 
a  voltaic  battery  and  an  induction  coil.     Such  an  combined 
instrument  is  represented  in  Fig.  266.    The  entire  Gawanie" 
apparatus  is  placed  inside  a  portable  box,  which  Js*^'^'**"*' 
furnished  with  terminals  so  that  either  the  Faradic 
or  the  Galvanic  current  may  be  applied  to  the  body 
of  the  patient. 

A  form  of  alternating-current  transformer  is  em- 
ployed in  dectro-tfaerapeutics  in  which  either  the 
primary  or  the  secondary  circuit  may  be  applied  tOAUernat- 
the  patient,  so  that  either  small  currents  of  high  tmosf ormcr 
electro-motive  force  or  large  currents  of  small  elec- tScra^u-^ 
tro-motive  force  may  be  obtained.    The  coils  consist  * 
of  insulated  copper  wire  so  proportioned  as  to  be 
suitable  for  direct  connection  with  an  incandescent 
electric  lamp  circuit  having  a  pressure  of  from  52 
to  104  volts.     By  this  means  high  electro-motive 
forces  and  small  currents  are  obtained  similar  to 
those  produced  by  the  secondary  circuit  of  the  ordi- 
nary medical  induction  coil,  or  low  electro-motive 

▼d.  III.— 2a 
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forces  and  powerful  currents  are  obtained  that  are 
necessary  for  cautery  purposes.  An  electric  current 
transformer  of  this  character  is  represented  in  Fig. 
267. 

The  passage  of  an  electric  current  through  the 
human  body  produces  four  different  classes  of  ef- 


Fia  a<6.— Combine 
bere  a  form  of  gilva 
the  pnrpoM  of  giTiiiK  the  cuictnl  (l»n|th  ic  milliampirei  or  Ibe  Ihoa- 
•andthi  of  in  Imptrc.  The  induclion  coil  is  reprnented  on  tbe  right, 
■nd  tbe  switeb  of  Ibe  rhemtit  between  Ibe  inductioD  coil  and  tbe  ■nllll' 
■inpiienieteT. 

Differui  fects;  VIZ.,  magnetic,  electrolytic,  osmotic,  and  cata- 
dSHd^*^  phoric.  The  first  two  classes  of  effects  are  of  but 
S^J^' "  little  importance  from  an  electro-therapeutical  stand- 
thJ^uV?*  point.  The  remaining  two  are  of  considerable  im- 
t^huBu.  portance. 

It  is  now  well  known  that  when  an  electric  cur- 
rent produces  electrolytic  effects,  as  are  produced  in 
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decomposition  of  various  liquid  sedations  or  ccm- 
ductors,  although  the  products  of  decomposition  if^ 
appear  only  at  the  electrodes,  yet  there  is  produced  S^^J" 
throughout  the  entire  mass  of  the  electrolyte  be- ^2^,*^ 
tween  the  electrodes  or  poles  a  movement  of  separate  25,^^* 
portions  or  ions  that  is  generally  called  the  migra- 
tion of  the  ions.    In  this  case  the  positive  icms  move  Himioa 
throughout  the  mass  of  the  liquid  in  a  positive  stream  ° 
toward  the  negative  pole,  while  the  negative  ions 
move  in  the  ow)ositc  direction  toward  the  positive 
pole.    It  is  evident,  therefore,  that  when  an  electric 
current  is  passed  by  means  of  suitaUe  electrodes 


Flo.  3€j. — Alwraatioc-Cnrrem  Traniformer  (or  Tberapeutk  FnipoM*. 
'btBDCd  bctu  ■  53  or  ia4-Tdt  alter- 


through  different  portions  of  the  human  body,  the 
electro-motive  force  being  sufficiently  high  to  pro- 
duce electrolytic  decomposition,  marked  effects  may 
be  prodirced  by  the  movements  of  the  ions  through- 
oat  all  those  pcHlions  that  lie  between  the  electrodes, 
as  well  as  those  which  may  be  produced  by  the  elec- 
trolytic decomposition  of  portions  of  such  fluids. 

Moreover,  since  in  electrolytic  dec(»nposition  of 
the  human  body  there  is  produced  an  actual  move- 
ment of  the  ions  from  the  positive  to  the  negative 
electrode,  it  ^ould  be  possible  to  transmit  medicinal 
substances  from  the  outside  of  the  body  to  different 
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parts  of  the  interior,  and  in  this  way  to  obtain  the 

Catgjore-  thcrapeutic  effects  of  such  remedies  by  actually  ap- 

Stic^SSu-  plying  them  directly  to  the  parts  that  require  treat- 

**^*^-       ment.     The  application  of  medicinal  remedies  in  this 

manner  is  called  cataphoretic  medication,  and  the 

process  itself  is  called  cataphoresis.      Cataphoretic 

medication  is  extensively  employed  at  the  present 

time  in  electro-therapeutics. 

In  cataphoretic  medication  the  substances  that  are 
to  be  applied  to  some  interior  parts  of  the  human 
Manner  of  body  are  placed  in  a  solution  on  the  surface  of  an 
Suphol?    absorbing  material  that  covers  the  positive  electrode, 
Stioo?      this  electrode  being  placed  in  such  a  position  as  will 
most  readily  cause  the  current  to  pass  through  the 
parts  that  are  to  be  treated.    The  current  is  turned 
on  and  its  passage  through  the  portions  of  the  body 
between  the  two  electrodes  carries  some  of  the  me- 
dicinal remedy  to  the  portions  of  the  body  that  are 
to  be  treated. 

The  passage  of  an  electric  current  through  the  hu- 
^^  man  body,  even  when  direct  cataphoretic  medication 

?*°iedS2of  ^*^  not  employed,  must  necessarily  be  attended  by  an 
{SmSa*  engorgement  of  certain  portions  of  the  body  and  a 
dLcS'J*'^  depletion  of  some  of  its  fluid  substances  in  other 
the  panaffe  rferts,  sincc  the  movcmcnt  of  the  current  is  attended 

of  an  elec-    '- 

irkcnrrent.  by  a  bodily  movement  of  the  liquid  itself.  In  this 
way,  then,  an  electric  current  may  produce  either 
beneficial  or  injurious  effects  on  the  portions  of  the 
body  through  which  it  is  passed,  according  to 
whether  the  organs  that  are  engorged^  by  its  pas- 
sage previously  contain  a  surplus  or  deficit  of  its 
liquid  contents. 

So  far  as  the  production  of  magnetism  by  the 
electric  current  is  concerned,  it  does  not  appear  that 
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magnetism  is  able  to  produce  any  positive  effects 

oa  the  human  body.     Although  experiments  have  J^*f; Ji^,^ 

been  made  in  which  the  most  powerful  magnetic  p^^'^S^"*' 

flux  has  not  only  been  passed  through  the  human  ^^^ 

body,  but  has  even  been  condensed  on  such  delicate 

portions  as  the  brain,  no  observable  effects  were 

produced. 

The  electric  current  is  applied  to  various  parts  of 
the  body  in  electro-therapeutical  treatment  by  means 
of  terminals  or  electrodes,  that  consist  of  various 
polished  metallic  bodies  shaped  either  so  as  to  be 
readily  applied  at  different  portions  of  the  body,  or 
as  to  be  readily  introduced  into  its  various  cavities,  u^^ 
Sometimes  the  surfaces  of  the  metallic  electrodes  uie^^ic 
are  covered  with  chamois  leather  or  cotton  or  linen  ®***^^^*^ 
fabrics,  that  are  then  moistened  with  salt  water  in 
order  to  ensure  a  better  contact  between  the  elec- 
trodes and  the  external  skin,  which  in  itself  pos- 
sesses high  electric  resistance.     Sometimes  mois- 
tened sponges  are  employed  for  the  same  purpose. 
Even  moistened  masses  of  clay  have  been  similarly 
employed. 

The  ability  of  an  electric  current  to  heat  metallic 
wires  to  incandescence  has  led  to  the  general  use  of 
the  electric  cautery  for  the  various  purposes  that 
require  an  incandescent  knife  or  cutting  instru- 
ment. Such  methods  are  employed  for  the  removal  Electric 
of  diseased  growths  from  various  parts  of  the  body,  ^^mi^es. 
In  some  cases  the  knives  consist  of  short  pieces  of 
platinum  wire  that  are  placed  around  the  diseased 
portion  that  is  to  be  removed,  and  when  heated 
to  incandescence  are  drawn  tightly  together,  thus 
cutting  through  the  diseased  part.  Various  forms 
are  given  to  electric  cautery  knives,  some  of  which 
are  represented  in  Fig.  268. 
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Use  of 

electric  in- 
candescent 
lamp  for 
cpio 

body. 


exploration 
of  numan 


The  ease  with  which  small  electric  currents  pro- 
duce a  fairly  considerable  amount  of  light  by  the 
incandescence  of  carbon  filaments  has  led  to  a  very 
general  application  of  such  sources  of  incandes- 
cence for  the  examination  of  diseased  portions  of 
the  human  body.  A  great  variety  of  apparatus  has 
been  produced  for  the  illumination  of  the  various 
cavities  of  the  body,   such^   for  example,  as  the 


Fio.   26S, — Various   Forms  of  Galvano  Cautery  Electrodes, 
different  forms  assumed  by  these  electrode  knives. 


Note  the 


mouth,  throat,  nostrils,  stomach,  bladder,  uterus, 
eta  This  is  effected  by  the  introduction  of  minia- 
ture electric  lamps  into  the  different  cavities.  In 
some  cases  the  light  is  concentrated  by  the  use  of 
reflectors.  Sometimes  more  powerful  electric  lights 
are  employed  outside  the  body  for  throwing  the 
light  after  its  reflection  from  suitably  supported 
mirrors.  A  form  frequently  employed  for  this  pur- 
pose consists  of  an   incandescent  lamp  placed  at 


ELEOTRO'THERAPBUTIC  APPARATUS  569 

the  focus  of  a  mirror  and  supported  on  the  head  of 
the  doctor  by  a  suitable  band. 

Reference  has  already  been  made  to  the  use  of  the 
X-rays  for  the  purpose  of  locating  the  position  of  ^^  of 
foreign  metallic  substances  in  various  parts  of  the^'^liog 
human  body,  and  to  the  ease  with  which  photo- {JUmM  "** 
graphs  can  be  taken  that  will  not  only  show  thc*^'^* 
position  of  such  foreign  bodies,  but  will  also  g^ve 
some  idea  of  the  conditions  of  the  internal  organs 
themselves. 
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CHAPTER    XXXIII 


ELECTRIC    MEASURING    INSTRUMENTS 


N  order  to  determine  the  current  that  is  passing 
in  any  electric  circuit  it  is  only  necessary  to 
know  two  of  the  three  following  qualities;  viz., 
the  electric  resistance,  the  electric  current,  and  the 
electro-motive    force,    since,    according   to   Ohm's 

E 
ohm'sLawLaw  C=Tg'  will  givc  by  simple  methods  the  re- 

Ampkrcs,  "^^t^^^^ff  quantity ;  for  example,  the  current  is  equal 
o^^  to  the  electro-motive  force  divided  by  the  resist- 
ance; the  electro-motive  force  is  equal  to  the  prod- 
uct of  the  current  and  the  resistance;  while  the 
resistance  is  equal  to  the  electro-motive  force  di- 
vided by  the  current  strength. 

There  are  many  ways  in  which  the  three  quanti- 
Parads  and  ties  may  be  determined.  In  this  determination  it  is 
l^di       sometimes  necessary  to  note  the  capacity  of  the 

circuit  expressed  in  units  of  capacity  called  farads 

or  microfarads. 

It  will  be  impossible  on  account  of  the  limited 
space  to  give  anything  more  than  a  very  general 
account  of  some  of  the  methods  by  which  these  dif- 
ferent quantities  may  be  readily  determined. 

Remembering  that  Ohm's  Law  may  be  written 

Volts, 

Amperes=-r^; 

Ohms, 

let  us  very  briefly  consider  some  of  the  ways  in 
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which  the  amperes,  the  volts,  and  the  ohms  may  be 
determined  in  any  circuit.  This  can  be  done  readily 
by  the  use  of  apparatus  which  will  give  one  of  these 
values  directly. 

The  amperes  may  generally  be  determined  by  the 
use  of  some  form  of  galvanometer.    That  in  which  « 
the  current  strength  is  given  directly  is  called  the 
amperemeter  or  ammeter.     When  graduated  so  aS"3S%' 
to  give  results  in  milliamperes  or  in  thousandths""     "* 
of  an  ampere,  the  instrument  is  called  a  milliam- 


,    GilTUOd). 


Fio.    169.— UUIiimpirenieter    SniUblc    for    ElecUct-Tbenqwiitiell    Work. 

pcremeter.    Various  forms  are  given  to  these  in- 
struments.    A  form  of  milliamperemeter  suitable 
for  electro-therapeutical  work  is  represented  in  Fig.  h 
269.      A  pointer  or  needle  connected  with  a  mag-^ 
netic  needle,  not  shown  in  the  figure,  is  mounted  on  ||| 
a  hard  steel  point  that  is  supported  on  a  polished 
agate  centre.    The  face  of  the  instrument  is  marked 
so  as  to  give  directly  the  current  strength  passing 
in  milliamp^es. 

The  ammeters  employed  at  central  stations,  where 
the  currents  to  be  measured  are  necessarily  large, 
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consist  often  of  only  a  single  turn  or  coil  of  in- 
w«  of  sulated  wire,  or  sometime3  of  even  but  a  part  of  a 
ammctere.  single  tum  OT  coil,  wilhin  which  a  balanced  core  or 
magnetic  needle  is  placed,  that  is  capable  of  freely 
moving  under  the  influence  of  the  magnetic  field 
produced  by  the  passage  of  the  current  .through  the 
tum  (MT  part  of  a  tum  of  wire.  Where  the  am- 
meters are  employed  for  measuring  small  currents 
of  high  dectrTmotive  force,  the  d^ecting  coils  of 
wire  consist  of  many  thousands  of  turns  of  fine  wire* 

In  some  cases  the  strength  of  an  electric  current 
is  measured  by  means  of  the  amount  of  chemical 
Uflcof  decomposition  it  is  capable  of  effecting.  Instru- 
for  d«2-*"  ments  of  this  character  are  called  voltameters.  An 
fuSim'*  ^'  example  of  a  voltameter  is  seen  in  tiie  case  of  the 
strength,    g^jg^j^  chcmkal  meter,  where  the  current  strength 

passing  is  measured  by  the  decomposition  of  a  so- 
lution of  zinc  sulphate.  Here  the  value  of  the  cur- 
rent is  determined  by  the  increase  in  the  weight  of 
a  zinc  plate  connected  with  one  of  the  terminals, 
the  other  plate  suffering  a  corresponding  loss  of 
weight. 

The  electro-motive  force  or  difference  of  potential 
of  an  electric  circuit  may  be  determined  by  means 
Determioa.  of  an  instrument  called  tioe  voltmeter.     Its  coii- 
E^Mjr.  of  struction  and  operaticMi  closely  resemble  that  of  the 
^whmeten  ammetcT.  As  a  rule,  however,  the  coils  of  the  volt- 
meter possess  a  greater  resistance,  and  are  placed 
in  a  shunt  circuit  around  the  circuit  whose  differ- 
ence of  potential  is  to  be  measured.    The  voltmeter 
operates  on  the  principle  that  the  electro-motive 
force  of  any  circuit  is  equal  to  the  product  of  its 
current  strength  and  the  resistance.    In  its  general 
appearance  the  voltmeter  greatly  resembles  the  am- 
meter. 
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The  electro-motive  force  of  a  circuit  is  also  de- 
termined by  means  of  an  instrument  called  the  po- 
tentiometer, in  which  the  difference  of  potential  to  JJSS"'**'™' 
be  measured  is  opposed  by  a  known  difference  of 
potential,  and  the  equality  or  balance  is  obtained  by 
the  failure  of  one  or  more  galvanometers  placed  in 
a  shunt  to  show  movements  of  their  needles. 

The  resistance  of  a  circuit  may  be  determined  in 
various  ways.    The  instrument  most  frequently  em- 


FxG.  270. — ^The  Electric  Balance  or  Bridge.  Here  the  values  of  the 
resbtances  of  B  and  A  are  made  some  simple  ratio,  such  as  i  to  2.  The 
unknown  resistance  is  introduced  at  B,  and  the  value  of  the  resistance 
D  is  changed  until  no  current  passes  through  the  galvanometer  G.  The 
value  of  B  can  then  be  readily  calculated. 


ployed  for  this  purpose,  however,  is  called  Wheat- 
stone's  balance  or  bridge.  Its  general  appearance 
is  represented  in  Fig.  270,  where  a  voltaic  battery,  ston?s" 
Zn  C,  is  connected  as  shown  to  the  points  Q  andbridgc*i>r 
P,  of  a  circuit  that  consists  of  conductors  C,  D,  A, 
and  B.  Between  two  points  of  this  circuit,  M  and 
N,  a  sensitive  galvanometer,  G,  is  placed.  The  por- 
tions of  the  circuit  A,  B,  C,  and  D,  consist  of  four 
electric  resistances.  Provided  the  values  of  any 
three  of  these  resistances  are  known,  the  value  of 
the  remaining  resistance  can  be  readily  calculated. 
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The  operatioa  of  the  electric  bridge  or  balance  is 
dependent  on  the  following  principles:  The  passage 
of  an  electric  current  through  any  circuit  is  at- 
tended by  a  fall  of  potential  on  that  circuit  that  is 
S^iSriS  proportional  to  its  resistance.  Consequently,  if  the 
biilS^e?  resistances  A,  C,  and  D  are  so  proportioned  to  the 
value  of  an  unknown  resistance  B,  that  the  fall  of 
potential  is  such  that  no  current  passes  through  the 
galvanometer  G,  placed  as  shown,  then  it  can  be 
demonstrated  that  the  resistance  A  is  to  the  re- 
sistance B  as  the  resistance  C  is  to  the  resistance 
D ;  or,  in  other  words,  that  the  value  of  the  resist- 
ance B  is  equal  to  the  value  of  the  resistance  A, 
multiplied  by  the  resistance  D,  divided  by  the  re- 
sistance C 


Form  of 

Wheat 

stone 

electric 

bridge  or 

balance. 


Method  of 
windmill 
resistance 
coil. 


Various  forms  are  given  to  the  dectric  balance  or 
bridge.  In  the  form  represented  in  Fig.  270,  the 
resistances  C,  D,  and  A  are  formed  of  resistance 
coils  of  known  values.  These  coils  are  capable  of 
being  connected  together  by  the  introduction  of  plug 
keys  in  openings  that  are  formed  by  closely  ap- 
proached plates  of  metal  connected  with  the  free 
ends  of  the  coils  as  shown  in  the  figure.  Here  the 
resistances  or  arms  A  and  C  consist  of  resistances 
marked  10,  100,  and  1,000,  placed  on  both  sides 
of  Q,  while  the  resistance  of  the  arm  D,  which  forms 
what  is  called  a  resistance  box,  is  represented  by 
resistances  nunri^ered  from  i  to  5,000.  In  order  to 
prevent  the  passage  of  an  electric  current  through 
the  coils  of  wire  that  constitute  the  various  resist- 
ances from  producing  a  magnetic  field  that  might 
seriously  affect  the  needle  of  the  galvanometer  placed 
near  or  in  the  resistance  box,  the  wire  is  first  bent 
on  itself,  and  then  wra|q)ed  in  the  shape  of  a  coil. 
In  this  case  any  magnetic  flux  that  is  produced  by 
one-half  of  the  coil  will  be  neutralized  by  the  oppo- 
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site  magnetic  flux  produced  by  the  remaining  half 
of  the  coil.  At  the  same  time,  however,  the  electric 
resistance  which  the  wire  offers  to  the  passage  of  the 
current  will  not  be  affected. 


The  capacity  of  a  circuit  in  microfarads  or  thou- 
sandths of  a  farad  may  be  determined  by  means  of  ^ 
an  instrument  called  the  condenser,  the  construc- 
tion of  which  has  already  been  described  in  another 
.volume. 
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Battery,  Electro-Motive  Force  of  Plant^s 
Secondary,  sa 

Battery,  Faure's  Storage,  53 

Battery,  Gould's  Storage,  56 

Battery,  Plant^'s  Secondary.  5a 

Battery  Protector,  Automatic  Annuncia- 
tor tor,  476 

Battery  Protector  for  System  of  Electric 

Battery,  Bitter's  Secondary,  si 


Battery,    Silver    Chloride,    for    Electro- 
Therapeutical  Purposes,  560 

Battery,  Storage,  Chloride  Tvpe  of,  58 

Battery,   Storage,  Methods  tor  Prolong- 
ing Life  of,  62 
Battery,  Storage,  No  Storage  of  Electric* 

ity  m,  S3 
Battery,  Storage,  Use  o^  in  Telegraphy, 
a95 

Batteriea,  Cauterr,  561 

Batteries,  Seconoary.  50 

Batteriea,  Storage,  Circumstances  Affect- 
ing Life  o^  S5 

Batteriea,    Storage,    Employment    of,    in 
Telephone  Transmission,  125 

Batteriea,    Voltaic,    Employment    of,    in 
Telephone  Transmission,  125 

Becquerel    on    Origin    of    Metalliferous 
Veins,  ix 

Bedding  of  Submarine  Cable,  $26 

Ben,  loa 

Bell  and  Tainter's  Photophone,  196 

Bell  and  the  Speaking  Telephone,  96 

Bell,  Bigong^  429 

Bell,  Continuoua-Rxnging;  435 

Bell-Cord  Signala  for  Steam  Cars,  39a 

Bells,  Distant  Use  of  Relays  for  Ring- 
ing. 44a 

Bell,  Double-Gong,  429 

Bell,  Electro-Magnetic,  427 

Bell,  Polarised,  439 

Bell,   Siemens's  Eiurly  Automatic  Make- 
and-Break,  431 

Ben,  Telephone  CaU,  126 

BelL    Vibrating    or    Trembling    Electro- 
Magnetic,  429 

Bell's  Early  United  Statea  Patent,  Tele- 
phone Deacribed  ii^  xoa 

Bett's  Explanation  of  the  Action  of  the 
Speaking  Telephone,  X04 

Belrs  Modified  Telephone,  103 

Bell's  Orinnal  Telephone,  xoa 

Beneficial  Effects  of  Intdligent  Electro- 
Therapeutic  Treatment,  551 

Berliner,  1x5 

Bernardo's    System    for    Sdderixig    or 
Welding  Longitudinal  Joints,  «a6 

Bernardo^  System  of  Electric  Welding 
or  Solderini^  $2$ 

Bessemer,  33 

Bessemer   on   Copper-Plated  Lead  Cast- 
ings, 33 

Betancourt'a  Electric  Telegraph,  axo 

Bigong  Bell,  429 

Blake,  xxc 

Blake*s  Telephone  Transmitter,  X17 

Blake's   Telephone  Tranamitter,  Method 
of  Operation  o^   xx8 

Bleaching  Salts  and  Cauatic  Alkali,  Elec- 
trolytic Production  of,  86 

Block  Signalling  Systems  on  Railroads, 
380 

Block   Ssrstem,   Absolute,  for  Railroads, 
380 

Block  System,  Automatic^  3^1 

Block  System,  Non- Automatic,  391 

Block  System,  Permissive,  for  Railroads, 
380 

Block  Wire  for  Block  Telegraphic  Sys- 
tem on  Railroads,  39x 

Blocks,  Fuse,  489 

Blow-Holes   in   MetaUic  Cashngs,   Eles- 
tric  Filling  of,  526 
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Blow-Ottt  Masnetic,  Suggested  Use  of, 
for  Saftey  ruaes,  496 

Blue  Stone  or  Gravity  Batteries,  Care 
of,  291 

Blue  Stone  or  Gravity  Cell,  291 

Bonding  of  Car  Rails,  48 

BonelU^  Facsimile  Telegraph  or  Typo- 
Telegrapfa,  369 

Bonellrs  racslmile  Telesraph  or  Typo- 
Telegraph,   Receiving  Instrument  for, 

370 

Boosters,  Use  of,  in  Storage-Battery 
Plants  of  Central  Stations,  6« 

Bow  Sheaves  of  Cable  Ship,  348 

Box,  Cable^  142 

Box-Sounding  Relay,  Adjustable,  a88 

Boxes,  Fire  Call,  462 

Boxes,  Fire  Signal,  462 

Boyle,  7 

Boyle  on  Causes  of  Electro  •  Chemical 
Precipitation,  7 

Bo^le  on  Refiners'  Method  of  Recover- 
ing Silver  from  Solutions,  8 

Boyle's  Lost  Opportunity,  9 

Brackets  for  Telegraph  Poles,  246 

BranleVs  Coherer,  409 

Braun-Siemens  and  Halske's  Wireless 
Telegraphic  System,  453 

Breguet  on  Lightning  Flashes  and  Tele- 
graph Lines,  271 

Breguet's  Electro  -  Capillary  Telephone, 
180 

Bridge  Method  of  Duplex  Telegraphy, 
31a 

Bridge  or  Balance,   Electric,   Form  of. 

Bridge  or  Balance,  Operation  of,  574 

Bridge  or  Balance,  Wheatstone's  £leo* 
tnc,  573 

Bright  on  Effect  of  Submarine  Teleg- 
raphy on  World's  Commerce  and  In- 
dustrial  Progress,   352 

Britannic  Telegraphic  Joint,  Sjj^ 

British  Patent  for  Needle  Telegraph, 
Wheatstone  and  Cooke's,  237 

Broiler,   Electric,  510 

Broiler,   Electric,  Advantages  of,   5x0 

Brugnatelli,  33 

Bruni    on    Medicated    Electric    Tubes, 

Brush,   __  _ 

Buckingham   Ssrstem   ot   Machine-Teleg- 
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raphy,  309 
Buckling    of    Storage    Battery    Plates, 

55 
Burglar  Alarm  for  House,  459 
Burglar-Alarm   Switch,   Yale-Lock,  470 
Bf*rglar  Alarms,  455 
Burglar  Alarms,  Advantages  of  Oosed- 

Circuited  Systems  of,  460 
Burglar    Alarms,    Qosed-Circuited    Sjrs- 

tems  of,  45 7  - 

Burglar    Alarms,    Qosed-Circuited    Sjrs- 


Burglar  Alarms,  Contacts  for,  4(6 
Burglar  Alarms,  Door  Contact  for,  457 
Burglar   Alarms,   Window   Contact   for, 

456 

Burglar  Alarms,  Window  Spring  Contact 
for,  456 

Burner,  Automatic,  for  Electric  Gas- 
Lighting,  474 


Busy    Test    for    Multiple    Switchboard, 

«  '57     „ 

Button  Repeaters,  290 

Buzzer,    Electro-Magnetic,  432 


C.E.M.F.,   30 

Cable  Box,   142 

Cable   Box  for  Telephone,  Interior  of. 

Cable  Chart  of  the  World,  350 

Cable  Chart  of  the  World,  Brief  De- 
scription of,  351 

Cable,  Deep-Sea  Submarine,  326 

Cable  Hanger,  x^o 

Cable  Hanger  with  Paper-Insulated  Tel- 
ephone Cable,   X41 

Cable  Head  or  Bosc,  Interior  of,  143 

Cable  Key,  Double-Sending,  3«8 

Cable  Messages,  Readinc  of,  by  Move- 
ments of  Spot  of  Light  Kefleeted 
from  Mirror,  3^9 

Cable  Mirror  Receiving  Apparatus,  Great 
Sensitiveness  of,  357 

Cable-Receiving    Apparatus,    35S 

Cable-Sending  Key.  356 

Cable  Ship,  Bow  Sheaves  of,  348 
;Cable,  Submarine,  Shore-End  of,  326 

Cable  Terminal,  X42 

Cable,  Underground  Telegraphic,  243 

Cables,  jjsc 

Cables,  Sub-Aqueous,  324 

Cables,  Submarine,  324 

Cables,  Submarine,  Accidents  to,  328 

Cables,  Submarine,  Orcration  of,  3SS-36s 

Cables.  Telephone,  Obiections  to  use 
of  India  Rubber  as  Insulating  Mate- 
rial for,  X40 

Cables,  Telephone,  Paper-Insulated.   140 

Cadmium,  Use  of,  in  Lead  Grids  of 
Storage  Batteri^  56 

Calcium  Carbide,  82 

Calcium  Carbide.  Electric  Furnace  for 
Manufacture  of,  82 

Calcium  Carbide,  Enormous  Production 
of,  83 

Calcium  Carbide,  Principal  Use  of,  83 

Call  Bell,  Extension,  Telephonic^  •129 

Call  Bell  or  Ringer,  Telephone,   126 

Call  Bell  System  for  Telephonic  Com- 
munication,  13  X 

Call  Bell,  Telephone,  126 

Callahan's  Stock  Ticker,  380 

Calling  Plug  of  Multiple  Central-Station 
Switchboard.    156 

Calorimeter,  Electric.  47^ 

Camphor,  Electro-Chemical  Production 
of,  from  Turpentine,  92 

Capacity,  Electx;o  -  Magnetic,  of  Tele- 
phone Lines,  i6x 

Capacity,  Electro-Static,  of  Telephone 
Lines,  x6i 

Capacity,  Inductive,  of  Telephone  Lines, 
x6i 

Capacity  of  Leyden  Jar,  Influence  of, 
on  Its  Rate  of  Vibration,  405 

Capacity  of  Telegraph  Line,  Methods 
tor  Increasing,  311 

Carbide,  Calcium,  82 

Carbon,  Advantages  of,  for  Microphonic 
Contacts,    1x6 

Carbon,  Advantages  of,  for  Microphonie 
Transmitters,   xx6 


HieropbDaic-CoDlul    Telejibanc 

■tt,  Dunind'B,   176 

or  Soot  CfI).  Tiinur't,   199 

[.ioinj,   if 


UDdom  Furnux.  Com 
iinduoi  Furnace.  Electi 


for.  81 

Cuborundum.  Hanufaclure  of.  80 
Carborunduni.  Manufacture  of.  by  AcbC' 

Carboruadum.  Uki  of.  Sa 

Care   and   Impeclion   of   Leclancb«  Bat- 

tcrr.  Ktxcuny  for.  444 
Care  of  Blue  Slonc  or  Grariir  Batttriet, 

Carliale  and  Nicbolion,   ; 
Cairiaaa  and  StMiD  Can,  Ui 

asc  ^atteria  for  7  '-'••■"" 
'•—      "--     of    Stoi 


r  tigbti 


:rically  Welded.   538 

.. _ad  Ordinary   EndOMd 

Foae,  IKfierenc«  Between,  401 

CmiluiL  Hetallic,  Electric  Flllinf  ot 
Bl^w^oka  in,  jiC 

Cataphoreaia.   566 

Catapboretic  Id^ication,  566 

Caupbar«tic  Medication,  Method  of 
Appl™,  1- 

Catcfa.   SaFel] 


Telephoae 
silta. 


CauHS  of  Telepbonic  Crosa  Talk 
Cauatic    Alkali    and     Bleacbins 

Electrolrtic  Prodaction  of,  86 
Cautery  Batterie^  561 
Caution   Sisnal,    Semapboric,   MO 
Cavallo  and  Electro-Tberapeutici,  tcj 
Canllo's   Electric  Tdesiapb.   an 
Cell.     Dasiell-s    Voluic.     De    la    Rne'a 

Modified,  33 
Cell,  Decompoaition,  Connler  E.H.F.  of, 

Cdl.  Ediaon'a  Storage,   60 

Cell.  GntitT  or  Blue  Stone,  agi 

Cell,  Plantfa  Storage,  51 

Cell,  Plant^a    Stora^    Discbarging  of. 

Cell.   Selenium,   igr 

Cell.  Tainter'a   Carbon  or  Soot,    igo 

Cells,  Secondary,  jo 

Central-Station    SwUcfaboard    for    Small 

Teiept-        "■  ■■ 
Central-! 


'    l-nj 


'bboard,    Lockvood 
14a 
ihboard    for    Small 


Central- 
Operator,   ApparaiuA   lor,    150 
Central- Station    SwiCcbboarda,    Multiple, 

Central    SUtuins,    Use    of    Booetert    in 

Storage-Batteiy  Planta  of,  65 
Central    Stationi,    Uac    of   Storage    Bat- 

I   Te'lepboi 


Central  Tele 

Cba^n^^isb.    Electr 

Chafing  of  Suhmarin 

Moremenw,   319 


m  Tidal 


Cbamber,  Nitrifvinc,  Eraplored  in  tbe 
Electr^  Proci^i  Tor  thT  Fixation  of 
Atmoaphetic  Nilrogen.  91 

Chandler    on    tbe    Fiiatioo    of    Atmos- 

pberic  Nitrogen.  89 
Chappe'a     Semapboric     Signalling    Sys- 

Ciiarginr  and  Diactiaivtng  of  Subma- 
riiw  J^ble,     Appreciable     Time     Re- 


Circnit      Connectiona      for     DiffereiUial 

System  of  Duplex  TelegrapbT,  111 
CircuH    Connectiona     for    rfotie    fele- 

graphic  Key,   as6 
Circuit     Connectiona     of    American     or 

Closed  ■  Circuited    Moiae    Telegraphic 

System,  265 
Circuit    Conoectioiia   of    Continental    oc 

Open  •  Circuited      Mone     Telegraphic 

System,  aSy 
Circuit  Connectiona  of  Delany-s  Syatem 

-'  * — '-nile  Telegraphy,  37a 

nnectiona     of     Main     Office 


Circuit     Conn 

"■  ■  liic    _       

-f      Telegrapbic 

Circuits,     'Overhead     Telephone.     Light- 

Circuita,  Telephone, '  Tranapoaitioa  of, 
■  38 

Circular  Line-Taroing  Oamp  for  Tele- 
graph  Lines,   186 

Circumstances  Affecting  Life  of  Stor- 
age Batteries.  5S 

Clamp,  Circular  rine-Tapping,  for  Tel- 
egraph Lines,  386 

Qatk   and  .Lodge   on  Dust   Pbenomena, 

Clark  and  Lodge's  Contribution  to  Dis- 
covery of  Coherer.  40? 
Oausiua  on  Grotthuss'  Hypothesia.  aS 
Gearing-Out   Device   for  Hotel   Aoann- 


Clocka.    Electric  Pi 
Gocka,  Secondary. 
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Qosed-Circaited    Borglar-Aiarm    Syttm 

with  Relaj,  4^9 
Closed  -  Circuited    or    American    Morse 

Electro  -  Magnetic   Telegraph    System, 

Qosed  -  Circuited  or  American  Mone 
Telegraphic  System,  Circuit  Connec- 
tions oip   265 

Qosed  -  Circuited  or  American  Morse 
Telegraphic  System,  Metfiod  of  Op- 
eration of,  j66 

Closed-Circuited  System,  Mone  Tele- 
graphic Key  for,  b$% 

Oosed  •  Qrcuited  System  of  Buiglar 
Alarms.  Advantages  of,  460 

Qosed  -  Circuited  Systems  of  Burglar 
Alarms.  45;^ 

Qoaed  •  Circuited  Systems  of  Burglar 
Alarms,   Circuit  Connections  for,  458 

Coal  Fires  ws.  Electric  Stove  or  Heater, 

Co<k,  Coatinental  Telegn^hic,  063 
Code  or   Alphabet,    Mone   TekgrapUc,. 

Coffee-Pot.   Electric,   $iz 

Coherer,  oranley's,  409 

Coherer,  Guitard's  ^atribotion  to  Dis- 
covery of,  407 

Coherer,  Ixidge  and  Qark's  Contribu- 
tion to  Discovery  of,  407 

Coherer,  Lodge  and  Fitigerald's  Mi- 
crophonic Contact,   f09 

Coherer,    Lodge    on    toe    Evolution    of. 

Coherer,      Minchin's     Contr9>ution     to 

Discovery  of,  408 
Coherer,      Kayleigh's     Contribution     to 

Discovery  of,  407 
Coherer,    Varley's  Contribution   to   Dis- 

coverv  of,  407 
CoiU     Induction,     Western     Telephone 

Construction  Company's  Type  01,  12 a 
Coil  or  Tube  Heater,  Electric,  5x3 
Coil,  Telephone  Reprstiny,   263 
Coils.    Choking;    Use    oC  in    Wireless 

Telegraphy,  4x2 
Coils,  Induction   or  Faradic^   for  Eleo- 

tro-Therapeutics^  56s 
Comb    Lightning    Anester,    Action    of, 

145 

Comb  Lightning  Arrester  for  Over- 
head Lmes,  144 

Combination  of  S«w-Tooth  Lightning 
Arrester  and  Safety  Fuse  for  Tele> 
graph  Lines,  Necessity  for,  278 

Combined   Telegraphic   Kelay   and  Key, 

Commercial  Effects  of  Submarine  Te- 
legraphy, 365 

Commercial  Failure  of  Early  Electric 
Furnace^  Reasons  ioit,^9 

Commercial  Failure  of  Fust  American 
Electro  -  Magnetic      Telegnq>h     Line, 

^31 

Commercial  Value  of  Phonogr^h,  Op- 
timistic   Predictions    Concerning,    xep 

Common-Battery  Telephone  System,  X63 

Completion  of  Telegraph  Law  Across 
Newfoundland,  337 

Complex  Character  of  ^Actions  That 
Occur  During  Charging  and  Di^ 
charging  oi  Storap  Cell,  55 

Composite     Mica    Plates     for     Electro* 


Static  IndnctisB  Msehiacs,   Maiitifse- 

ture  of,  559 
Compound  Bar  Magnet  for  Single  Pole 

Telephone  Receiver,   130 
C<M>centric    Cylinders    Replaoement    of 

Antennae  by,  in  Wireless  Telegraphic 

Instruments,   414 
Condenser  Action  of  Submarine  Cables. 

327 
Condenser,  Use  of,  5^5 
Condenser,    Use   of,   in    Automatic   Te- 

lesraphy,  30s      ^ 
Condenser.  Use  o^  in  Differential  Du- 
plex Telegraphy,  314 
Conditions    of    Potential    Prodoced   by 

Movements  of  Mercury  Column,   x8i 
Conductimr   Wire   or   Cere   of   ftnbm 

rine  Cable,  js( 
Conduction,    Qcctrc^yti^    je 
Conduction,  Metallic,  30 
Conduction  of  Heat,  483 
Conductivity  of  T^egraph  Lnie,  Eileet 

of  Insulation  on,  J49 
Coaductor,    Teo^erature  •  Elevation    of, 

492 
Conduits^  Undeivround.  ass 
Conduits,    Undergreuxu^   for  Tetepkone 

Cables,   146 
Connecting  Subscriberi  at  the  Ends  of 

Telepkowc  Circuit,  Method  of,  150 
Connection  of   Electric  Bells  in  Series, 

442 
C<Minections,    Electric,   of  Electro-Moto- 

graph,   184 
Connections    of    Valentia-Newfonndlaad 

Cable  to  Transmitting  and 


Apparatus^  3$8 

Connections  of  Vibratiag  Bell.  Puah, 
and  Cell,  439 

Construction  and  Operatian  of  Sdhoui- 
rine  Finder,  171 

Construction,  Detailed,  of  Atlantic  Ca- 
ble of  X865,  S46 

Construction  ox  Carboruadi 
80 

Conatructioa  of   Electric  Heater,   501 

Construction  of  Electric  Street -Car 
Heater,  50  x 

Construction  of  Magneto  Telephonic 
Ringer,   128 

Construction  of  Morse's  £lectro-M«c- 
netic  Relay,  227 

Construction  of  Positive  and  NegaUfe 
Plates  of  Edison's  Stonge  Battery. 
6x 

Construction  of  Single-Stroke  Electro- 
Magnctic  BelL  428 

Construction  ot  Soemering's  Electro* 
Chemical  Tdcgraph,  sx3 

Construction  of  Solid  Back  Tdephoae 
Transmitter,   1 19 

Construction  of  Submarine  Cable,  3<^ 

Construction  of  Tommasina's  Electro- 
Radiophone;  4» 

Construction  of  Transmitter  of  Writing 
Telegr^kh,  Detailed,  376 

Construction  of  Transmitter  and  Re- 
ceiver of  Writi«{  Telegraph,  m 

Contacts  for  Bufiglar  Alums.  4So 

Contacts,  Microphonic,  Advantages  of 
Carbon  for.   1x6 

Contacts  of  Baoeiving  Magnet  or  Re* 
lay,  2S7 
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Contiiiental  or  Open  -  Circuited  Morse 
Telegraphic  System,  Circuit  Connec- 
tions oi,  a67 

Continental   Telegraphic   Code,   263 

Continuous  Atmospheric  Electric  Dis- 
charges, 27^ 

Continuous-Ringing  Bell,   435 

Continuous  •  Ringing  Bell,  Action  of, 
436 

Continuous-Ringing  Relay  BelL  437 

Continuous-Ringing  of  Bell  oy  Local 
Circuit,  438 

Convection  of  Heat,  48a 

Convective  Dischar|[es,  Method  of  Their 
Electro-Therapeutical  Application,   560 

Convective  Discharge  Through  Dusty 
or  Smoky  Air,  Guitard  on  Effects 
of,   407 

Conversion  of  Vibrating  Into  Single- 
Stroke  BeU.  430 

Converters,  Rotary,  Use  of,  in  Elec- 
trolytic Production  of  Metallic  Alu- 
minium, 86 

Cooke,  218 

Cooking  Apparatus,  Electric,  Use  of 
Heat-Regulating   Switch  for,   508 

Cooking,  Electric  Heaters  for,  507 

Copper  Oxide,  Crosse  on  Artificial  Pro- 
duction of  Crystals  of,  11 

Copper  -  Plate  Engravings,  Duplication 
of,  by  Electro-Typing,  41 

Copper  Plating,  30 

Copper  Refining  Plant  at  Great  Falls, 
Montana,  44 

Copper  Sheathing  of  Ships'  Bottoms, 
Vvffs  Method  for  the  Electric  Pro- 
tection of,  46 

Copper,  Spencer's  Process  for  Engrav- 
ing in  Relief  on^  36 

Copper  Telesraphic  Line  Wires  vs. 
Iron  Line  Wires,  245 

Copper  Voltameter,  23 

Copper  Wires  for  Overhead  Telephone 
Lines,  Advantages  of.  Over  Iron 
Wires,   146 

Core  or  Conducting  Wire  of  Subma- 
rine Cable,  326 

Correction  of  Copper  Engraved  Plates 
by  Electro-Typing,  41 

Corrosion,  Electrolytic,  47 

Corundum,  Artificial,  88 

Cost  of  Electric  Street-Car  Heating,  S05 

Counter  E.M.F.  of  Decomposition  Cell, 
30 

Coxe's   Electro-Chemical  Telegraph,   2x4 

Cross-Arms  of  Telegraph  Poles,  246 

Cross-Connections,    Telephonic,    138 

Cross-Connections,  Telephonic,  of  Over- 
head Telephone  Wires,  Number  of. 
Per  Mile,  139 

Cross-Talk,  Telegraphic,  241 

Cross-Talk,   Telephonic,    136 

Cross-Talk,    Telephonic,    Causes  of,    137 

Crosse  on  Artificial  Production  of 
Crystals  of  Copper  Oxide,    11 

Culley  on  Retardation  in  Cable  Signal- 

li°8»  354 
Cumulative   Effect  of   Timed   Impulses, 

396 
Curative   Agency  of  Electricity,   Aldini 

on*  554 

Curative  Agency  of  Electricity,  Hum- 
boldt on,  554 


Current-Controlling  Devices  for  Elec- 
tric Welding,    531 

Current  Plowing  Through  Conductor, 
Drop  of  Pressure  or  Loss  of  E.M.F. 
in,  481 

Currents,  Diaphragm,  180 

Currents,   Fanulic,   563 


Currents,  Franklinic,  $63 

Currents,  Galvanic,  503 

Curves  of  Reis  and  Bell  Employed  in 
the  Description  of  Principles  of 
Speaking  Telephone,  Practical  Iden- 
tity of,   104 

Cut-Out.  Plug,  491 

Cuttriss  s  Siphon  Recorder,  360 

Cyrus  W.  Field  and  the  Atlantic  Cable, 
33a 


DANGsa  Signal,  Semaphoric,  390 

Dangers    Arising    from    Axr  -  Eixposed 
Fuses,  402 

Daniell's  Voltaic  Battery,  Influence  of, 
on  Invention  of  Electro  -  Magnetic 
Telegraph,   217 

Davy,  5 

Davy  on  Electro-Chemical  Decomposi- 
tions,  z  7 

Davy's  Description  of  His  Discovery  of 
Metallic  Sodium,  19 

Davy's  Description  of  Metallic  Potas- 
sium,  z8 

Davy's  Discovery  of  Sodium  and  Po- 
tassium,   16 

Davy's  Discovery  of  Sodium  and  Po- 
tassium, Description  of,  to  Royal  So- 
ciety of   London,   17 

Davy's  Method  for  the  Electric  Protec- 
tion of  the  Copper  Sheathing  of 
Ships'  Bottoms,  46 

Davy's  Pioneer  Electric  Furnace,  74 

Dawes's  Electric  Furnace,  77 
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Electro-Magnetic  Tdegraph,  Elisee  Rec- 
his  on,  a68 

Electro  -  Ma^etic  Telegraph.  Extended 
Investmations  Necessary  tor  Produc- 
tion OT^  217 

Electro-Magnetic  Telegraph,  First  Amer- 
ican, 220 
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Electro-Magnetic  Telegraph,  Steinheil's, 
232 

Electro  •  Magnetic  Telegraphy,  Modem, 
Preeoe  on,   254 

Electro-Magnetic  Waves,   393 

Electro  •  Magnetic  Waves,  Abbott  on 
Wave  Lengths  of,  399 

Electro-Magnetic  Waves,  Lodge  on,  404 

Electro  -  Magnetic  Waves,  Varying 
Lengths  of,  399 

Electro-Magnetic  Window  Lock,  469 

Electro-Mechanical  Gong,  433 

Electro-Metallurgy,  32 

Electro  -  Motive  Force  of  Plant^'s  Sec- 
ondary Battery,  52 

Electro  •  Motograph,  Circumstances  Con- 
nected   with    Edison's    fnvention    of, 

183 
Electro-Motograph,   Edison's,   183 
Electro- Motograph,   Edison's,  Action  of, 

184 
Electro-Motograph,   Electric  Connections 

of,  184 
Electro-Physiology,   548 
Electro-Plating,   32 

Electro-Plating,  General  Process  for,  38 
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Electro-Static  Induction  Machine,  Wag- 
ner's  Sixteen-PIate^   558 
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Electro-Therapeutic  Sources,   557 

Electro-Therapeutic  Treatment,  Benefi- 
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Lead  Feroiide  of  Stoncc  Cell,  si 

Lwd  Tree,   lo 

Leaden  Case  Paper-Inaulaled  Telephone 
Cable,   M< 

Lealcase  from  Neighboring  Wirea,  Tele- 
phonic   Dialurbancea    Caiucd   by,    i]S 

Leakage,  Marked  Influence  of,  on 
Grounded  Telephone   Circuit!.    t]6 

Leakage  of  Telegraphic  Iniulaton,  In- 
fluence   of    Lcovei    and    Branchei    of 

Leavea   and   Branche*    of   Tree*,    Infla- 

eece   of,    on    Leakage   of  Telegraphic 

laaulalora.   iji 
Ledancbi  Batteriea,  Alllop  on.  444 
Ledanchj    Batterj,    Neceaaitr   tor   Care 

and  Inipection  of,  444 
Lcdanchi  Cell.  SuhabUity  of,  for  Open 

-  cuitcd  Work,  443 

'         '    ■"    -ro -Magnetic    Waves, 


VV^ 


Levden  -  Jar    Diachargea, 

of  Water  bv,   la 
Leyden   Jar.    Influence   of   Capacity  of, 

on  It!   Rate  of  Vibration,  405 
Leyden    Jara.    Lodge'a    Tuned   or    Sys- 


o!  Wati 


Life   of    Storage   1 
^ ,  Prolonging,   6a 


Hvdroaen   by  the  Action 

n  Silicide  of  Calcium,  ga 


Life     of     Storage    Batteries,     Cirenm- 

staoees  AfCectliig,  s; 
Ughting  of  Carriaigea  and   Steam   Can, 

Use  of  Storage  Batteries  for,  6a 
UgfaUing  Arreater.Comb,  Action  of,  145 
Ligbtnhw    ArTeater,    Comb,    for    Otct- 

bead  Udcs,  144 
LisbtninK    Arrester,    Doable-Pole,    wftb 

Foae  Wit,   I4S 
'■■g'*"'"l[    Arretter,    Electro  ■  Magnetic, 

Lightning    Arreater.     Electro- Uagnetic, 

DblecSona  to,  iSi 
Ligbtniog  Arreater,   Eleetra-Themiic  or 

Heat-Wire.  aSi 


Lightning   Arreater.   Var1ey*a   Dnsl  Par- 

Lightning  Arrealera.    Film,   177 
Lightning  Arrealera  tor  Overhead  Tele- 
phone Circuits,   144 
Lightning  Aireaters,  Saw-Tooth.  Action 

Lightning    Arreatera,     Saw  -  Tooth,    tor 

Telegraph  Lines,  175 
Lighlnfng.    Ball    or    Globular,    Pianti'a 

Theory  of,   r" 
.ighlninr     *^ 

Telegn 

egraph  Lines,   Preecc  on.  371 
Lightning  Flaabes  and  Tclegrspb  Lines, 

Lightning  Flaahea  and  Telegnph  Oper- 

Ligbtning  Flaahea.  Present  Comparative 
Safety  of  Overhead  Telegraph  Unes 
from,  a  73 

Lightning  or  Heavy  Cnmnt  Arreilers, 
tiae  of   Fuse  Wires  ■>,    I4S 

Lightning  Rods,  Lodge's  Reiearchea  on 

Lightning  6oda  on  Wooden  Telegraph 
Poles,  aa 

Limit  of  Operation  of  Telegraphic  Re- 
peaters, 190 

Utniis  to  Site  of  Multiple  Central-Sta- 


Jne  Drops,  Electro- Mai>netie, 
.ine  Drops.  Shatter  of,  ijo 
■ine  Jacks,  i- 
.ine  Jacka  to 


L  mtinuons   Ringing   of 

L  ie   Signal   Blocks,   aoj 

L  Dp    for    Annnnciatora. 

Lockwood    on    Importance    of    Cential- 

Sutlon  Switchboard,  14S 
Locomotives,    Electric.    Use   of    Storage 

Batteries  for.  66 
Lodge  and  Clark  on  Dust  Fbenomena, 

Lodge  and  Dark's  Contrfbnilon  to  Dis- 
covery of  Coherer.  407 
Lodge     and     Pitigerald's     Uicropbonie 


inetic  Wavea.  404 
Electric  Force,  as 
It  ion    of    the    Co- 


>dge's     InveatlgalionB     oi 
Lightning  Roda.   404 
edge's    Levden    jars    and 
dilator.  Seseniblsnces  B 
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Lodge's  Syntonic  or  Tuned  Leyden 
Jars,   405 

Lomond's  Improved  Semaphoric  Elec* 
troacope.  aio 

Long-Distance  Telephone  Lines,  Hous- 
ton  and  Kennelly  on,   161 

Long-Distance  Telephone  Transmission 
Line.   ia3 

Lon^- Distance  Telephonic  Transnusslon, 
Difficulties  in,  160 

Long  •  Distance  Transmitter,  MarconTs, 
with  Parabolic  Reflector,  413 

Long-Distance  Work,  Trunk  Telephone 
Lines  for,  159 

I  ose  Contacts.  Action  of,  in  Micro- 
phonic Telephone  Transmitter,    iia 

Lms  of  Heat  by  Heated  Wire  or  Con- 
ductor, 48a 

Lo"«es  of  Heat  by  Radiation,  Circum- 
stances Influencing,  483 

Loud-Speaking  Telephone^  Edison's.  185 

Low  Fusing  Foint  of  Fuse  Metals  or 
Alloys,  Advantajgres  of,  495 

Low- Resistance  Circuit  Containing  Mi- 
crophone Contact  and  Primary  of  In- 
duction Coil,   ia3 

Low  Value  of  Resistance  of  Transmis- 
sion Circuits,   Necessity  for,  485 

Luminous  Liquid  Globules,  $p 

Luminous  Sheath  Surrounding  Ne^- 
tive  Wire  in  High  Electro  •  Motive 
Force  Discharges  from  Series  •  Con- 
nected  Storage  Cells,  67 

Luminous  Telephonic  Annunciator  Sig- 
nals,   153 

Luminous  Telephonic  Annunciator  Siff> 
nals.  Advantages  of,  154 

M 

Macbimb  or  Automatic  Telegraphy, 
Wheatstone's  Perforator  for,  300 

m   Sys- 


Machine  Telegraphy,  ao6 
Machine   Tdegraphy,    Buckingha: 


tem  of,_309 


Machine  Telegraphy,  Delany's,  306 

Machine  Telegraphy,  Delany's,  Electro- 
Chemical   Receiver  for,  308 

Machine  Telegraphy,  Delany's,  Trans- 
mitter for,  307 

Machine  Transmission,  396 

Magnet  Coils.  Differentially  Wound, 
for  Duplex  Telegraphy,  31a 

Magnet  Coils  of  Morse  Receiving  Maff> 
net  or  Relay,  Electric  Resistance  of, 
»S7 

Magnetic  Blow-Out,  Suggested  Use  of, 
for  Safety  Fuses,  496 

Magnetism,  Apparent  Failure  oL  to 
Produce  Effects  on  Human  Body, 
567 

Magneto-Electric  Telephone,  Dolbcar's, 
106 

Macneto- Electric  Telephone,  Method  of 
Operation  of,   108 

Magneto-Generator  for  Telephone  Call 
BeU,   xa6 

Magneto-Generator  for  Telephone  Ring- 
er,  ia6 

Magneto-Phonograph,  1^1 

Magneto-Telephonic  Ringer,  Construc- 
tion of,  138 

Main-Office  Telegraphic  Switchboard,  a8a 


Main  •  Office  Telegraphic  Switchboard, 
Circuit  Connections  of,  383 

Make-and-Break  BeU,  Siemens's  Early 
Automatic  431 

Manduyt,  533 

Manholes  tor  Underground  Conduits, 
146,  343 

Manufacture  of  Carborundum,  80 

Manufacture  of  Mica  Plates  for  Electro- 
static Induction  Machines,  559 

Marconi,  409 

Marconi  00  Poesibilitv  of  Interception 
of  Wireless  Despatcoes,  430 

Marconi's    Long  -  Distance    Tranamitter, 

4XO 

Marconi's    Long  -  Distance    Transmitter 

with  Parabolic  Reflector,  413 
Marconi's  Receiving  Instrument,  411 
Marconi's    Syntonic    Transmitting    and 


Receiving^  Apparatus,  414 

Telci 
ratus,  409 


Marconi's   Wirel< 


graphic    Appa- 


Martin  on  Telephone  Systems  and  Ap- 
paratus,  164 

Martin  on  the  Application  of  Electric 
Heating,  518 

Marvellous  Character  of  Speaking  Tele- 
phone, 94 

Marvellous  Growth  of  Speaking  Tele- 
phone, 95 

Master  or  Controlling  Qock,  383 

Materia  Medica,  549 

Matthews  on  Promptness  of  Action  of 
Safety  Fuse.  494 

Maury  and  Morse,  Field's  Correspond- 
ence with,  334 

Maury  on  an  Atlantic  Cable,  335 

McDonough.   114 

McDonough  s   Teleloge,    115 

Mclntyre's  Telegraphic  Parallel-Sleeve 
Joint,   348 

Mechanical  and  Heat  Energy,  Relation 
Between,  477 

Medals  or  Statuary,  Method  of  Ofatatn- 
ing  Electro-Casts  of,  as 

Medical  Prescriptions,   Snotgun,  590 

Medicated    Electric    Tubes,    Brum    oi^ 

555 

Medicated  Electric  Tubes,  Franklin's 
Communication  to  Royal  Society  on. 

Medication,  Catephoretic,  566 
Membraneless       Receiving       TclepboiM, 

Ader's,   174 
Mercadier,   198 

Mercurial   Temperature-Alarm,  46c 
Mercury    Column,    Conditions    of    Po- 

tentiid    Produced    by    Movements   of, 

181 
Message    Wire    for    Block    Telegraphic 

System  on  Rai1roadS|  391 
Messenger  Call  Box,  American  District 

Messenger  AVire  for  Overhead  Tele- 
phone Cables,  140 

Metalliferous  Veins,  Becquerql  on 
Origin  of,  XX 

Metalliferous  Veins,  Electro  -  Cbemieal 
Origin  of,  xi 

Method  of  Applying  Convectivc  Di»- 
charges    Electro-Therapeutically,   560 

Method  of  Applying  Disruptive  Dis- 
charges   Electro  -  Therapeutically,    559 
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Method    of    Obtaining    Electro-€U»t    of 

a  Medal  or  Piece  of  Statuary.  42 
Metal-Melting  Furnace,   Siemens'i  Elec- 
tric,  S2S 
Metals,  Electric  Casting  o^  S43 
Metals,  Electric  Protection  of,  45 
Metals   Electric  Refining  of,  44 
Metallic    Alaminium,    Electrolytic    Pro- 
duction of,  85 
Metallic    Castings,    Electric    Filling    of 

Blow-Holes  in,  526 
Metallic  Circuit  Switchboard,   151 
Metallic  Conduction,  30 
Metallic  Potassium,   Davy's  Description 

of,  x8 
Metallic  Sodium,  Davy's  Description  of 

his  Discovery  of,   19 
Metallic    Sodium,    Electrolytic    Produc- 
tion of,   87 
Mica  Plates,  Manufacture  of,  for  Elec- 
tro-Static   Induction    Machines,    559 
Micro-Phonograph,  Band,   104 
Micro-Phonograph.    Poulsons,    191 
Micro  •  Phonograph,      Poulson's      Steel 

Wire,  X91 
Micro  -  Phonograph   Record,    Method  of 

Obliterating,   195 
Micro  -  Phonograph,     Sensitiveness     of. 
Microfarad,  570 

Microphone  Contact  and  Primary  of  In- 
duction   Coil,    Low-Resistance   Circuit 
Containing,   123 
Microphone,   Hughes's,    xxp 
Microphonic  Circuit,  Simple,  1x4 
Microphonic    Contacts,    Advantages    of 

Carbon  for,   1x6 
Microphonic      Telephone      Transmitter, 

Action  of  Loose  Contacts  in,   112 

Microphonic  Transmitter,  Hughes's,   112 

Microphonic     Transmitter,     Method     of 

Operation  of,  with  Induction  Coil,  i2t 

Microphonic    Transmitters,    Advantages 

of  Carbon   for,   xx6 
Min-ation  of  Ions,  27,  56^ 
Miller      on      Troubles      Arising      from 

Grounded  Telephone  Circuits,  134 
Milliampiremeters,   ^71 
Minchin's  Contribution  to  Discovery  of 

Coherer.  408 
Modem  Electric  Furnace,  79 
Modern    Electric    Furnaces,   Advantages 

of,  79 
Modern    Electro  •  Magnetic    Telegraphy, 

Precce  on,  2^4 
Modified   Telephone.    Bell's,    X03 
Molded  Artificial  Carbon  Articles,  Method 

of  Graphitizing,   84 
Molds  for  Electro-Typing,  Use  of  Plas- 
ter of  Paris  for,  36 
Momentary    Atmospneric    Electric    Dis* 

charges,  273 
Moncel  on   Nature  of  Action  of  Tele- 
phone Diaphragms,  177 
Moncel  on  the  Si>eaking  Telephone,  98 
Monckton's  Electric  Furnace,  77 
Mooring,  Temporary,  of  Submarine  Ca- 
ble During  Storm,  347 
Morse,   ax8 

Morse  and  His  Contemporaries,  218 
Morse  and   Maury,    Field's  Correspond- 
ence with,   334 
Morse    Characters,    Ink-Recording   Reg- 
ister for,  289 


Morse     Receiving     Magnet     or     Relav, 

Western  Union  Telegraph  Company^s 

Type  of,  256 
Morse    Telegraphic    Alphabet    or    Code, 

261 
Morse    Telegraphic    Key,    Circuit    Con- 
nections tor,  2^6 
Morse  Telegraphic  Key  for  Qosed-Cir- 

cuited  Svstem,  255 
Morse    Telegraphic    Receiving    Magnet 

or  Relav,  250 
Morse  Telegraphic  Recorder,  260 
Morse  Telegraphic  Sounder,  259 
Morse    Telegraphic    Sounder,     western 

Union  Company's  Type  of,  259 
Morse's   Account   of  His   Invention  of 

the  Electro-Magnetic  Relay,  226 
Morse's    and    Wheatstone    and    Cooke's 

Recording     Apparatus,     Modifications 

of,  j6i 
Morsel  Crude  Telegraphic  Key,  22X 
Morse's    Early   Telegraphic   Instnunent, 

221 

Morse's  Electro-Magnetic  Relay,  Con- 
struction of,  227 

Morse's  Ideas  Concerning  Recording  of 
Telephonic  Messages,  219 

Morse  s  Recording  Apparatus,  222 

Morse's  Sugsestion  of  Underground 
Telegraph  Wires,  2x9 

Morse's  Telegraph  Line  between  Wash- 
ington and  Baltimore,  224 

Morse's  Telegraphic  Recording  Instru- 
ment, a6o 

Morse's  Telegraphic  Type,  223 

Motions  of  Telej)hone  Diaphragms, 
Hughes's  Investigations  as  to  Na- 
ture  of,    172 

Motors  of  Kinetoscope,  Driving  of,  by 
Storage   Batteries,   64 

Motors  of  Phonograph,  Driving  of,  by 
Storage  Batteries,  64 

Motors  of  Sewing  Machiaes,  Driving 
of,  by  Storafi^e  Batteries,  64 

Motier's    Electric   Furnace,  77 

Movements,  Step-by-Step^  for  Second- 
ary Clock,  384 

Multiple  Central  -  Station  Switchboard, 
Calling  Plug  of,    156 

Multiple  Central  -  Station  Switchboard, 
Limits  to  Size  of.   1^7 

Multiple  Central  -  Station  Switchboard, 
Method  of  Operation  of,   xj6 

Multiple    Central- Station    Switchboards, 

Multiple  Central-Station  Switchboards, 
Answering  Jack  for,  X56 

Multiple  Central  -  Station  Switchboards, 
Large,  Transfer  System  for^  xc7 

Multiple  Central-Station  Switchboards, 
Panels  of,   156 

Multiple  Central-Station  Switchboards, 
Trunk  Lines  for,   X57 

Multiple  Conductors  for  Facsimile  Tele- 
graphs, Objections  to,  370 

Multiple    Switchboard,    Busy    Test    for, 

Muuiple  Telegraphy,  Gray's  Harmonic, 
316 

Multiple  Transmitting  and  Receiving 
Combs  for  Facsimile  Telegraph,  Ad- 
vantages of,  369 

Multiplex  Telegraphy,  3x6 
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IfuldpoUr  Dynamo  for  Etoctro-PUtiog, 

Marray,  37 

Mumy^s  Semapbortc  Telegraph,  ao4 

Hurray'i   Use  of  Plumbago  to   Render 

Non  -  Condtictmg    Surfaicea    Conduct- 
^  ing.  37 
Muanroom     Anchor     for     Temporarily 

Mooring  Submarine  CaUc^   347 
Matoal    and    Self  •  Inductioi^    Hienry'a 

Researches  on,  404 

N 

Napxeb's  Early  Electric  Furnace,  75 
Nature  and   use  of  Telephone  Sweat- 
ing Coil,  163 
Nature  of  Electric  Force,  Lodge  on,  ao 
Nccesaity  for  Central  Telephone  Station, 

X48 
Necessity  for  Employing  Small  Currents 
in    Operation    of    Submarine    Cablet, 

353 
Necessity   for   High   Conducting  Power 

in   Transmission   Circuits,   484 
Needle      Telegraph,      Wheatstone     and 


Cooke's,  337 

eedle      Tele|m>li.      Wbeatst 
Cooke's.  British  Patent  for,  237 


Needle      Telegraph,^     Wheatstone     and 


Needle    Type    of    Hotel    Annundaton, 

447 

Negative  and  Positive  Plates  of  Edi- 
son s  Storage  Battery,  Construction 
of,  6x 

Negative  and  Positive  Plates  of  Edi- 
son's Storage  Battery,  Formation  of, 
6x 

Nep:ative  Pole  of  Voltaic  Batterv,  ax 

Neighboring  Wires,  Telephonic  Dia- 
turbances  Due  to,  x^6 

Newfoundland,  Completion  of  Tele- 
graph Line  Across,  337 

New  York  Edison  Electric  Lighting 
Company's  Sub-Station  at  Manhattan 
Island,    Storage-Battery   Plant   of,   6s 

New  York.  Newfoundland,  and  London 
Telegraph^  Company,  Organization  of, 
336 

Newspaper,  Talking,  195 

Newapaper,  Twentieth  •  Century,  Sooie 
Requirements  of,  296 

Newspaper,  Wireless  Tdegrephic^  at 
Sea,  423 

Niagara  and  Agamtmncn,   Use  of  the^ 

^,as   Telegraph   Ships,   3j8 

Niagara  Falls  Electric  Cracker  BaUag 
Rant,   518 

Nicholson  and  Carlisle  5 

Nicholson  and  Carlisle,  Decomposition 
of  Water  by,  ij 

Nicholson  and  Carlisle's  Electro-Chem- 
ical Decompositioo  of  Water,  Deaerip- 
tion  of,   14 

Nickel-Iron  Storage  Battery,  Edison's, 
60 

Nickel-Steel  Grid  for  Plates  of  Edi- 
son's  Nickel-Iron  Storage   Battery,  60 

Nitric  Acid,  Direct  Electnc  Production 
of.    from   the   Atmosphere,    88 

NiHfying  Chamber  Employed  in  the 
Fucation    of    Atmoapherk    Nitrogen, 

91 

Nitrogen,  Atmospherio,  Fixation  oi  88 


Non-Atttoourtic  Block  System,  391 
Number  of  Submarine  Cables,  349 


Objectiona  to  Arrhemui^  Theory  of  Elcc- 
trolyais,   a9 

Objectiona  to  ElectfO*Magnetic  Light- 
ning Arrester.  a8x 

Objections  to  Facsimile  Telegraphs  with 
Multiple  Conductors,  370 

Objectiona  to  Undetgnmnd  Telegraph 
wires,   344 

Objections  to  Use  of  India  Rubber  as 
Insulating  Material  for  Telephone 
Cablea,  140 

Obliteration  of  Micro-Phonographic  Rrc- 
orda.  Method  o^  195 

Oersted's  Suggestions  for  Electro-Mag- 
netic Telegraph,  ais 

Oersted's  Dvcovery,  Influence  of,  on 
Telegraphy,  214 

Ohmic  Reaistance  of  Telephone  Lines, 
Influence  of,  on  Impedanoe,  160 

Ohm's  Law,  570 

Open-Circuited  or  European  Morse  Elec- 
tro-Magnetic Telegraph  System,  as4 

Open-Circoited  Work,  SuitabilHy  of  Le- 
danch^  Cdl  for.  443 

Open-Circuited  or  Continental  Morae  Tel- 
egraphic System,  Circuit  Connections 
of,  267 

Operation  and  Construction  of  Sab- 
marine  Finder,   171 

Operation  of  Aisierican  or  Qoaed-Cir- 
cuited  Morse  Telegraphic  System, 
Method  of,  a66 

Operation  of  Bakewcll's  Facsimile  Tele- 
graph, 367 

Operation  of  Blake's  Telephone  Trans- 
mitter, Method  of,  118 

Operation  of  Bridge  or  Balance,  574 

Operation  of  Ddbear'a  Electro-Static 
Telephone  Receiver,   Principle  of,  in 

Operation  of  Fire  Bell  Striker,  435 

Operation  of  Inductive  Telegraphy  on 
Moving  Railway  Traina,  a88 

Operation  of  Magneto-Eleetnc  Telephone, 
X08 

Operation  of  Mercurial  Temperatwe- 
Alarm.  465 

Operation  of  Microphonic  Transmitter 
with  Induction  CoO,  xai 

Operation  of  Morse's  Relay,  Preacott  on, 
330 

Operation  of  Multiple  Central-Station 
Switchboard,  Method  oL  156 

Operation  of  Perforated  Telegraphic 
Paper  Fillet,  Method  of,  999 

Operation  of  PopoflPs  System  ot  Wireless 
Telegraphy.  403 

Oneration  of  Several  Bells  by  Single 
Push-Button.  44a 

Operation  of  Soemering's  EkctroOieBi- 
cal  Telegraph,  214 

Operation  of  Solid  Back  Telephone 
Transmitter,    lao 

Operation  of  Step-by-Stcp  Printing  Tde- 
ffraph,  379 

Operation  of  Submarine  Cables.  iS^-jfiS 

Operation  of  Submarine  Cables.  Neces- 
sity for  Eaploying  Small  Cnrrcnis  in, 
353 
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Oi)eration  of  Telegraphic  Repeaters,  Lim- 
it of.  290 
Operation  of  Vibrating  Electro-Magnetic 

BelU  430 
Operation  of  Watchman's  Electric  Time 

Detector,  472 
Operator's  Apparatus  for  Small  Central 

Station  Switchboard,  150 
Ordinary   Enclosed    Fuse   and   Cartridge 

Fuse,  Difference  Between,  ^01 
Organization   of  New  York,   Newfound* 

land,  and  London  Telegraph  Company, 

336 
Ori^n  of  Electro-Chemistry,  5 
Oscillator.  Hertzian,  401 
Output  of  Artificial  Graphitired  Carbon, 

85 
Ovens,  Electric  509 
Ovens,  Electric,  Use  of  Thermometer  or 


Pyrometer  in,  500 
Overhead  Circuits,  Gi 


for,  147 
id 


alvanized  Iron  Wires 


Overhead  Lines,  Comb  Lightning  Arrest- 
er for,  144 
Overland    Telegraph    Lines   and   Atmos- 

pheric  Electricity,  Sabine  on,  270 
Overhead  Telegraph  Lines,  Present  Com- 

t«rative    Safety    of,    from    Lightning 

Flashes,  273 
Overhead   Telephone   Cables,    Messenger 

Wire  for,  140 
Overhead  Telephone  Circuits,  Lightning 

Arresters  for,    144 
Overhead   Telephone   Lines,  Advantages 

of  Copper  over  Iron  Wires  for,  ia6 
Overhead   Telephone  Wires,    Method   of 

Transposition  of,  130 
Overhead  Telephone   Wires,   Number  of 

Telephonic  Cross-Connections  per  Mile 
^of,   139 
Overhead  Wires,  Use  of  Aluminium  for, 

146 
Oxides  of  Lead.  Direct  Electro-Chemical 

Production  of,  from  Galena,  92 
Ozone,  560 
Ozone  Generators,  560 

P 

Paetz,  12 

Page  Effect.  Possible  Influence  of,  on 
Ader's  Telephone,  17s 

Panels  of  Multiple  Central  Station 
Switchboards,   156 

Paper  Fillet,  Method  of  Producing  Per- 
forations of,  299 

Paper- Insulated  Leaden  Case  Telephone 
Cable,  i^x 

Paper-Insulated  Telephone  Cable  with 
Cable  Hanger,   141 

Paper-Insulated  Telephone  Cables,    140 

Parabolic  Reflector,  use  of,  in  Wireless 
Telesraphy,  412 

Parallel  Connection  of  Push-Buttons, 
441 

Party  Lines  for  Telephonic  Communica- 
tion.  158 

Pathology,  549 

Pes  Switchboard  and  Spring-Jack  Board, 
Telegraphic,  284 

Pendulum  Annunciator  Indicator,  450 

Pepys'   Early  Electric  Furnace,  75 

Perforated  Paper  Fillet  for  Automatic 
Telegraphic  Transmission,  298 


Perforations  of  Paper  Fillet,  Method  of 
Producing,   299 

Perforated  Telegraphic  Paper  Fillet, 
Method  of  Operation  of,  299 

Perforator,  Wheatstone's,  for  Automatic 
or  Machine  Telegraphy,  300 

Permissive  Block  System  for  Railroads, 
38p 

Persian  Gulf  Cable  and  the  Whale,  331 

Phenomena  of  Luminous  Sheath  Sur- 
rounding Negative  Wire  in  High 
E.M.F.  Discharges  from  Series-CoU' 
nected  Stora^  Cells,  67 

Phonograph,  Edison's,  Early  Form  of> 
187 

Phonograph,  Edison's  Improved,   100 

Phonograph  Motors,  Driving  of,  by 
Storage  Batteries,  64 

Phonograph,  Optimistic  Predictions  of  Its 
Great  Possible  Commercial  Value,   189 

Phonograph,  Relations  of,  to  Electric  Ap- 
paratus, x86 

Phonograph,  Use  of,  for  Reproduction 
of  Speech,  188 

Phonograph,  Use  of,  for  the  Recording 
of  Speech,  187 

Photopnone,  Bell  and  Tainter's,  196 

Photophone  Receiver,  197 

Photophone  Transmitter,   196 

Physiology,  Scope  of,   549 

Pin  Plug  for  Telegraphic  Switchboard, 
283 

Pins  for  Telegraphic  Brackets,   246 

Pioneer  Electric  Furnace,  Davy's,  74 

Plants.   51 

PIant6  s  and  Faure's  Types  of  Storage 
Batteries.  Differences  between,  56 

Plant6's  Electro-Static  Engraving,  72 

Plant6's  Hypothesis  as  to  the  Possible 
Electric  Origin  of  Sun  Spots,  71 

Plant^'s  Incandescent  Electric  Lamp  of 
1872.    63 

Plant6^s  Method  of  Charging  and  Dis- 
charging Storage  Battery  Cells,  67 

Plant^^  Researches  on  High  Electro- 
Motive  Force  Discharges  from  Series- 
Connected  Storage  Cells,  66 

PI  ante's  Secondary  Battery,  52 

Plant^'s  Storage  Cell,  51 

Plant^'s  Storage  Cell,  Actions  that  Occur 
During  Charging  of,  54 

Plant^'s  Storage  Cell,  Actions  that  Oc- 
cur During   Discharging  of,   54 

Plant^'s  Storage  Cell,  Discharging  of,  54 

Planti's  Theory  of  Ball  or  Globular 
Lightning,  70 

Plaster  of  Paris,  Use  of,  for  Molds  in 
Electro-Typing,  36 

Plates,  Positive  and  Negative,  of  Edi- 
son s  Storage  Battery,  Formation  of, 
61 

Plates,  Storage  Battery,  Buckling  of,  55 

Plating.  Copper,  39 

Plating  Currents  Furnished  by  Dy- 
namos, 30 

Plating,   Silver,  38 

Platinum  Wires,  De  la  Rive  on  Gilding 
of,  33 

Plug  Cords  for  Telephone  Switchboards, 
149 

Plug  Cut-Out,  491 

Plumbago.  Use  of,  by  Murray  for  Ren- 
dering Non-Conducting  Surfaces  Elec- 
trically Conducting,  37 
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FlmnlMco,  Use  o^  for  Renderinc  Sur- 
lace  of  Wax  Molds  ElcctricaUy  Con- 
dnctina^  40 

Pocket  Relay  and  Key,  287 

Polarized  Bell,  439 

Polarized  Bell  for  Telephone  Ringer,  xj6 

Polarized  Relay,  Telegraphic,  298^ 

Pole    Nes[ative,  of  Voltaic  Battery,  21 

Pole,  Positive,  of  Voltaic  Battery,  si 

Pole,  Terminal  Telephone,  14J 

Poles,  Telegraph,  S46 

Pole&  Wooden  Telqpaphic,  S46 

Political  Effects  of  Submanne  Teleg- 
raphy. 363 

Popon.  40  X 

Popofi^s  Receiving  Apparatus  for  Wire- 
less Telegraphy,  403 

Popoffs  System  of  Wireless  Telegraphy, 
General  Operation  of,  403 

PopoiTs  System  of  Wireless  Telegraphy, 
Use  of,  in  Electric  Meteorcdogy,  434 

Popoff*s  Wireless  Telegraphic  System, 
401 

Popular  Rejoicings  Over  the  Successful 
Layiiig  of  Cable  of  i8<8,  34s 

Porcelain  Fuse  Blocks,  489 

Portable  Cautery  Battery,  Resistances 
for,  561 

Positive  and  Negative  Plates  of  Edison's 
Storage  Battery,  Construction  of.  6x 

Positive  and  Negative  Plates  of  Edison's 
Storage  Battery.  Formation  of,  61 

Positive  Pole  of  Voltaic  Battery,  21 

Postage  Stamps,  Use  of  Electro-Typing 
for  Duplication  of  Original  Engraved 
Steel  Plate  of,  41 

Potassium  and  Sodium,  Davy's  Discov- 
eries of,  16 

Potassium  Chlorate,  Electro  -  Chemical 
Production  of,  from  Potassium  Chlo- 
ride, 92 

Potentiometer,  573 

Poulson's  Micro-Phonograph,  loi 

Poulson's  Steel  Wire  Micro-Phonograph, 
191 

Precautions  Neoessanr  for  Ensuring  Pri- 
vacy^ of  Wireless  Communications,  397 

Precipitations,  Electro-Chemical,  7 

Preece  and  Duplex  Telerraphv,  311 

Preece  on  Automatic  Past-Speed  Tele- 
graphic Apparatus,  296 

Preece  on  Inductive  Disturbances  on 
Telegraph  Lines,  385 

Preece  on  Lightning  Disturbances  of 
English  Telegraph  Lines,  271 

Preece  on  Modern  Electro-Magnetic  Te- 
l^raphy.  254 

Precce's  Thermophone,  Modification  of, 
179 

Preeoe's  Thermotelephone.  178 

Preparation  of  Electro-Chemical  Tele- 
graphic Printing  PapcTt  303 

Preparation  of  Electro-Type  or  Wood- 
Cut,  40 

Preparatory  Investigations,  Extended, 
Necessary  for  Production   of  Electro- 


Magnetic  Telegraph,  217 
Prescott  on  Operation  of  M 
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orse's  Relay. 


Prescott  on  the  Many  Causes  of  Failure 
in  Gutta-Percha  Insulated  Under- 
ground Telegraph  Wires,  2ss 

Present  Extent  of  World's  Telegraph 
Lines,  269 


Presseb,  441 

Primary  of  Induction  Coil  and  Line 
Wh-es,  High-Resistance  Circuit  Con- 
taining, 123 

Primary  of  Induction  Coil  and  Micro- 
phone Contact,  Low-Resistance  Circuit 
Containing,  123 

Printing    Paper,    Electro-Chemical    Tele- 


••  ^40 

Private  Residences,  Use  of  Storage  Bat- 
teries for  Lighting  of,  64 
Process  for  Electric  Welaing,  523 
Production,    Electrolytic,  of  Caustic  Al- 
kali and  Bleaching  Salt&  86 
Production,  Enormous,  of  Calcium  Car- 
hide,  83 
Prognosis,  $^ 

Programme  Clocks,  Electric,  470 
Prolonging    Life    of    Storage    Battery, 

Methods  for,  62 
Prosser    and    Watson's    Early    Electric 

Furnace,  76 
Protector,  Sneak-Current,  for  Telegraph 

Lines^  278 
Protection  of  Metals,  Electric,  as 
Protective    Influence     of    Lead-Covered 
Cables    for    Avoidance    of    Telephone 
Interferences,  138 
Pulls  and  Pushes,  Electric.  440 
Push-Button  Contacts  in  Panillel,  441 
Pushes  and  Pulls,  Electric,  440 
Pyrometer  or  Thermometer,   Use  of,  in 
Electric  Ovens,  509 


>UADaUPLXZ  TsX.EGaAPBT,  3x6 

>ueer  Submarine  Scratching  Post,  331 
;uiet    Atmospheric    Electric   Disdiarges, 
373 

R 

Radiation,  Circumstances  Influencing 
Losses  of  Heat  by.  483 

Radiation  of  Heat,  483 

Radicalsi  Electro-Positive  and  Electro- 
Negative  Character  of,  23 

Radiophone,  Suggested  Use  of,  in  Place 
of  Photophone,   198 

Rail- Bonding,  48 

Rail-Bonding,  Eflicient,  Electrolytic  Cor- 
rosion Avoided  bjr,  48 

Railroad  and  Induction  Tel«gri4>hy,  385- 

Railroad     Grade     Crossings,     Automatic 

Electric  Signals  for.  392 
Railroads,    Absolute    Block   System    for, 

389 
Railroads,  Block  Signalling  Systems  on, 

389 
Railroads,  Permissive  Block  System  for, 

389 
Railroads,  Semaphore  Signals  for,  380 
Railway  Companies,  Jewellen,  Etc,  Tel- 

esraphing  Time  to,  381 
Railway  Trains,  Inductive  Telegraphy  on 

Mcmng,  3«7.     ^      „ 
Ratchet  Electric  Gas  Burner,  474 
Rate  of  Vibratioa  of  Leyden  Jar,  Influ- 
ence of  Its  Capadty  on,  405 
Ravleigh  on  Effect  of  Electrified  Rod  on 

Appearance  of  m  Jet  of  Water,  407 
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Rayleigh'i  Contributlofi  to  Diicovery  of 
Coherci »  407 

Receiver  and  Transmitter  of  Writing 
Teleffrapb.  Construction  of,  375 

Receiver,  Electro-Chemical,  for  Delany's 
Machine-Telegraphy,  3|o8 

Receiver,  Electro-Cnemical,  for  High- 
Speed  Telegraphy,  30a 

Receiver  of  Writing  Telegraph,  Action 
of,.  377 


Receiver,   Photophone,    197 
ecciver,    Single-Pole    lew . 
pound  Bar  Magnet  for,  130 


Receiver,    Single-Pole    Iciephone,    Com- 


Receiver.  Telegraphic.  Wheatstone  and 
Cooke  s  Single-Needle,  339 

Receiver,  Wheatstone's,  for  High-Speed 
Telegraphy,    30J 

Receiver,  Yeates's  Electro-Magnetic,  for 
Reis's  Telephone,  loi 

Receivers,   Harmonic  Telegraphic,  317 

Receiving  and  Transmitting  Apparacua, 
Marconi's  Syntonic,  4x4 

Receiving  and  Transmittins  Combs.  Mul- 
tiple, tor  Facsimile  Telegraph,  Advan- 
tages of,  369 

Receiving  and  Transmitting  Instruments* 
of  Desk  Set  of  Telephonic  Apparatus, 

Receiving  and  Transmitting  Instruments, 
Wireless,  Tuning  of,  41^ 

Receiving  Apparatus,  Cable.  356 

Receiving  Apparatus  for  Wireless  Te- 
legraphy, PopofiTs,  402 

Receivins  Apparatus  of  Wireless  Teleg- 
raphy, Method  of  Tuning,  ^14 

Receiving  Circuits  of  Delany  s  Synchro- 
nous Multiplex  Telegraphic  System,  310 

Receiving  Instrument  for  Anderson^ 
Chemical  System  of  Automatic  Teleg- 
raphy,  Operation  of,  305 

Receiving  Instrument  tor  Reis's  Early 
Telephone,    100 

Receiving  Instrument,  Marconi's,  axi 

Receiving  Instrument  of  Bonelli  s  Fac- 
simile Telegraph  or  Typo-Telegraph, 
370 

Receiving^  Instrument  of  Dennison's 
Facsimile  Telegraph,  Operation  of,  369 

Receiving  Instrument,  Telegraphic,  Stein- 
heil's  Improved,   235 

Receiving  Instruments  for  Oiplex  Teleg- 


raphy,   3x6 
Receiving  m; 


agnet  or  Relay,  Contacts  of. 
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Receiving  Magnet  or  Relay,  Morse  Tele- 
graphic, 250 

Receiving  Magneto-Electric  Telephone 
and  Eaectricaily  Operated  Motor,   107 

Receiving  Telegraph,  Description  of 
Wheatstone  and  Cooke's,  238 

Receiving  Telephone,  Uncertainty  as  to 
Nature  of  Action  of  Diaphragm  of,  172 

Reclus  on  the  Electro-Magnetic  Tele- 
graph, 268 

Recorded  Signals  Received  Over  Sub- 
marine  Cables,    Effect  of  Retardation 

oflf  355 
Recorder,  Kelvin's  Siphon,  360 
Recorder,  Morse  Telegraphic,  260 
Recording    Apparatus,    Electro-Magnetic, 

SteinheiTs  Telegraphic,  236 
Recording  Apparatus  Employed  on  Line 

Between    Washington    and    Baltimore, 

229 
Recording   Apparatoi.    Modificatiooa    of 


Morse's  and  Wheatstone  aad  Ccokcfa, 
361 

Recording  Apparatus,  Mone's,  asa 

Recording  Instrument,  Morse's  Tele- 
graphic, 260 

Recordiiig  Instrument,  Telegraphk,  Ac- 
tion of;  261 

Recording  Magnet  and  Relay.  Tele- 
graphic Circuit  Connectiona  of,  230 

Recording  of  Speech,  Use  of  Phonograph 
for,   187 

Recording      of      Telephonic 


Morse's  Ideas  Concemuig,  2x9 

Recording   Speech  on  the    Steel   Micro- 
Phonograpn  Wire,  Method  of,  102 

Records,    Micro- Phonographic^    Obutera- 
tion  of,  i^s 

Recovery  of  Atlantic  Cable  of  X865,  34s 

Red    Lead,    Use    of.    in    Formation    of 
Storage  Battery  Plates,  s\ 

Red-Letter  Year  m  Telegraphy,  2x8 

Refining  Plant  at  Great  Falls.  Montana, 
Conducting  Copper  Circuit  tor,  44 

Reflecting-Arc  Furnaces,  74 

Reflector,  Parabolic,  Use  of,  in  Wireless 
Telegraphy,  412 

Reis,  96 

Reis  and  the  Speaking  Telephone,  96 

Reis,    the    True    Inventor    of   the    Tele- 
phone, 96 

Reis's    Eu-Iy    Telephone,    Receiving    In- 
strument for,  xoo 

Reis's     Early     Telephone,     Transmitting 
Instrument  for,  99 

Reis's    Early   Telephone,   Wooden   Cube 
Form  of,  99 

Reis's    Exposition   of   the    Principles   of 
the  Telephone  in  i860,  98 

Reis's  Telephone,   Yeates's  Electro-Mag- 
netic Receiver  for,  loi 

Relation  Between  MechauKal  and  Heat 
Energy,  477 

Relay.  Adjustable  Box-Sounding,  288 

Relay  and  Key,  Combined  Telegraphic, 
287 

Relay  and  Key.  Pocket,  287 

Relay  and  Recording  Magnet,  Tele- 
graphic.   Circuit    Connections    of,    230 

Relay  Bell,  Continuous-Ringins;,  437 

Relay  or  Receiving  Magnet,  Morse  Tele- 
graphic, 256 

Relay,  Telegraphic  Polarized,  ao8 

Relay,  Use  of,  with  Oosed-Circuited 
Burglar  Alarm  System.  4«p 

Relays,  Series-Connected,  Ringing  Sev- 
eral Bells  by,  444 

Relays,  Use  of,  lor  Ringing  Distant 
BellA,   442 

Remarkable  Experiment  in  Synchronous 
Multiplex  Telegraphy,  Delany's,  321 

Repeaters,  Automatic,  290 

Repeaters,  Button,  200 

Repeaters,  Telegraphic,  290 

Repeating^  Coil,  Telephone,   X63 

Reproducing  Speech  by  Steel  Micro- 
Phonograph  Wire,  Method  of,  19^ 

Reproduction  of  Speech,  Use  of  Pnono- 
mranh  for,   188 

Resemblances  Between  Hertz's  Oscillator 
and  Lodge's  Leyden  Jars,  406 

Resistance,  Electric,  of  Magnet  Coils  of 
Morse  Heceiving  Magnet  or  Rday, 
257 


R^Un^of^Eart h  Re"Sr "ci"^ 

RcBulU,  Obtained    bj   Thomaon    Electric 

ReB'urV«ied  Speech.  VbS 

Reurdation  in  Cable   Signalling,   Culler 

Rifle'  ^ttaict,  Uae  of  Tdenhone  in,  i6r 
Ringer  or  C^I  Bell,  Telephone,  Ia6  . 
Rinsei,    Telephone,    Polariied    Bell    for. 


Ruoli.'  37 

BiiDlPa  Elect 


dary  Battery, 
'irefesa  Tel'g 


>P1»ting  Proceaa,  3J 
1,   oi   Tinned   Iron.  Cita 


SAaiHi  on   Atmospheric   Blectneitr  and 

Overland  Telenaph  Lines,  an 
Sabine    an    Steiiihen'a    Reputed   Di 


eta,   S46 


Scratching  Pot,  Cunona  5 
Secondary  Accumulator*,  Su 
Secondary  Batter;,  Flantfa,  Ji 
Secondary     Battery,     Planli's,     Electro- 

Molive  Force  oft  Sa 
S«ondary  Battery,  Bitter**,  ji 
Secondary  Batlenea,  so 
Secondary  Cell,  "Fomiing"  of,  ji       _ 
Secondary    Cell,    Gaotherol'a   Early   Ob' 

Secondary  Cella,  so 

Secondary     Qoek,     Step-by-Step    Move- 

menta  fot,  384 
Secondary  Oocka,  384 
Selective     Signalling     Near     TeleiAanK 

Party  Liot  15^ 
Sclenitun  Cell,  107 
Self- Restoring    Telephonic    Annunciator 

Dropc,  is> 
Sclt-Winding   Electric  Oodi.   473 
Semaphore  Signala  for  RaDroada,  3S9 
Semaphoric  Caution  Signal,  390 
Semaphorie  Danger  Signal,  390 
Semaphoric   Electroacope,   Lomonda  Im- 

Semaphoric  Safety  Sum],  mo      , 
Semaphoric  Signal   BlocLa,   Loolte'a,   aoj 
Semaphoric  Signalling,  J03 
Semaphoric  Signalling  Syatem,  Cbappis, 

Semaphoric  Telegrap^  Murray'a,  104 

Sending  Key,  Cablcjie 

Sending    Speed   of    Expert   Telegrapher, 

Se1iattiveoe«  of  Cable  Uinor  ReceinBg 

Senf^iTeneaa  of  Uicro-Phonograph    191 
Series-Connected      Relaya.      Method     ol 

Hinging  a  Number  of  Bella  by,  4«  , 
Seriea- Connected    Storage   Battery   t^lls, 

-Connectit 


lewrag^'ac 


ling  of  Motor*  of, 
of    Heelrolytically 


ShWd    or-'Ari^^r   of    Submarine  Cable. 
Ships'    Anchors   and   Submarine    Cable*. 


»  Pari*  of  Allan- 

Ife  Cable.  3.6 
icription*,   ^^^ 

Telepbonlc  Mag* 


Duplex  Teleg- 
Early    Aotomatk    M**e-and- 


rapny. 

"^^V 'Belli  431 
Siemeiu'a  Electric  Famacc, 
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Sienenft'a  Electric  Famace,  Huuftiiiftoii 
on,  78 

Siemens's  Electric  Bietal* Melting  Fiunuee, 
525 

Siemcns's  Step-by-Step  Telegraph.  431 

Signal   Blocks,   Locke  s   Scmaphoric,   203 

Signallioa,  Electro- Aiagnetic,  Anawer- 
Back  System  of,  450 

Signalling  Selective,  for  Telephonic 
rarty  Line,    1S9 

Signalling,  Semaphoric,  203 

Signak,  Aatomatic  Electric,  for  Ratlrofld 
Grade  Croaaiiigs,  ^pa 

Signals,  Semaphore,  for  Railroads,  3^9 

Suicide  oi  Calcmm,  Electrochemical 
Production  of,  92 

Silicide  of  Calctmn,  Liberation  of  Hy- 
« drogen  by  Action  of  Water  on,  02 

Silvanus  P.  Thompson  on  Elihu  Tbom- 
son's  System  of  Electric  Weldinf,  544 

Silvanus  F.  Thompson  on  Heat  Dewl* 
oped  in  a  Circuit  by  an  Electric  Cur- 
rent, 480 

SiWanus  P.  Thompson  on  Reis  as  the  In- 
ventor of  the  Telephone,  96 

Silver  Chloride  Battery  for  Electro- 
Therapeutical  Purposes,  560 

Silver  Plating,  38 

Simple  Microphonic  Circuit,  1x4 

Simplicity  of  Tdephone  Circuits.   x66 

Simplicity  of  Wirdess  Telegraphic  Ap- 
paratus, 4x8 

Singapore  Submarbie  Gable  and  the 
Sword-fish,    331 

Single-Current  Telegraphic  Transmission, 
297 

Single  •  Needle  Telegraphic  Receiver, 
wheatstone  and  Cooke's,  2^9 

Single-Pole  Telephone  Receiver,  Com- 
pound Bar  Magnet  for,  130 

Single-Stroke  Electro- Magnetic  Bell,  417 

SinglerStroke  Electro- Magnetic  Bell.  Con- 
struction of.  428 

Siphon  Recorder,  Cuttriss*,  361 

Siphon  Recorder,  Kelvin's,  360 

Siphon-Connected  Vessels,  Alectro-Chem- 
cal  Decomposition  in,  24 

Size  of  Multiple  Central-Station  Switch- 
board, Limits  to,  XS7 

Slaby-Arco  Wireless  Telegraphic  System, 

423 
Slaby  on  Marconfs  Early   Experiments, 

Sleeve  Joint,  Mclntyre's  Parallel  Tele- 
graphic, 248 

Soiall  Telephone  Station,  Central-Station 
Switchboard   for.   X49 

Smoothing-iron,  Electnc,  574 

Sneak-Current  Protector  tor  Telegraph 
Lines,  278 


So-Called  Static  Breeze,  s  59 
ndnim  \ 
of,   16 


Sodium  and  Potassium, 


Davy's 


Discovery 


Sodium,  Metallic,  Electrolytic  Production 

Soemering's  Electro-Chemical  Tdegraph, 

axa    , 
Soemenng's  Electro-Chemical  Tdegraph, 

Oxnatructioci  of,  2x3 
Soemering's  Electro-Cnemical  Telegraph, 

Opecatioii  of*  ax4 
Solaering-Iron,  Electric,  51s 


Soldering  or  Weldiiitf  LoagtkndiMi 
Joints,  Bernardo's  System  for,  52^ 

Solid  Back  Telephone  Tranamitter,  ixo 

Solid  Back  Telephone  Transmitter,  CSen- 
eral  Construction  oi.  xx9 

Solid  Back  Telephone  Traxiamitter,  Oper- 
ation of,   X20 

Soluble  Anodes.  aS 

Sonoreacence,  Uctinttion  of,  aoi 

Soot  or  Carbon  Cell,  Tainter's,  199 

Sounder  and  Relay,  Telegraphic,  Or- 
cuits  of.  as8 

Sounder,  Morse  Telepaphia  a59 

Space  or  Wireless  Telegraphy,  393 

Spark,  Wandering  Electric,  70 

Speaking  Telephone,  Marvellous  Char- 
acter of,  94 

Speaking  Taephone,  Marvellous  Growth 
of,  ^ 

Speaking  Telephone,  Moncel  on,  98 

Speech,  Resurrected,  188 

Spencer.  34 

Spenoer^s  Process  for  Obtaining  Fac- 
similes of  Coins  and  Medals,  36 

Spencer's  Process  of  Engraving  in  Relief 
on  Cooper,  36 

Sponge  Electrodes.  567 

Spongy  Lead  of  Storage  Cell,  53 

Spot  of  Light  Reflected  from  Mirror, 
Reading  of  Cable  Messages  by  Move- 
ments of,  359 

Spring- Jack  Board  and  Peg  Switchboard, 
Telegraphic  284 

Stan£rd  Master  Clock,  Method  of  Send- 
ing Electric  Impulses  into  Line  by, 
383 

Staterooms  of  Steamships,  Electric  Heat- 
ing of,  506 

Static  Breeze.  So-Called,  559 

StatuatT*  or  Medals,  Metnba  of  Obtain- 
ing Electro-Casts  of,  42 

Steady  Temperature  of  Active  Conduc- 
tor, Time  Required  for  Acquiring  Full 
Value  of,  486 

Steam  Cars  and  Carriages,  Use  of  Stor- 
age Batteries  for  Liming,  64 

Steamships,  Electric  Heating  of  State- 
rooms of,  556 

Stearns  and  Duplex  Telegraphy,  312 

Steel  Micro-Phonograph  Wire,  Method 
of  Recording  Speech  on,  ipa 

Steel  Micro- Pliottograph  wire.  Method 
of  Reproducing  Speech  by,  103 

Steel  Wire  Micro- Phonograph,  Ponlson% 
191 

Steel-Plate  Engraving^  Duplication  of, 
hy  Electro-Typing,  41 

Steinheil.  218 

Steinheil  a  Alleged  Discovery  of  Ground 
Return,  2^ 

Steinheil's    Electro-Magnetic    Telegraph, 

StemheiTs     Improved    Telegraphic     Re- 

ceivinir  Instrument,  235 
SteinheiPs   Iniprovements  of  Gauss  and 

Weber's  Telegraphic  Transmitting  &i- 

struments,  234 
Steinheil's  Telegraphic   Electro-Magnetic 

Recording  Apparatus,  236 
Steno-Tclegranoy,  264 
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Storage  Battery,  Brush's,  53 
Storage   Battery   Cells.    PUnti's   Method 

of    Charging    and    Discharging,    67 
Storage  Battery  Cells,  Series-Connected, 

59 
Storage  Battery,  Chloride  Type  of,  58 
Storage  Battery,  Circuit  Connections  for 

Charging,  63 
Storag^e  Battery.  Edison's,  Formation  of 
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Storage  Battery,  Faure's,  53 
Storage  Battery,  Gould's,  56 
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Plates  of,  55 
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55 
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Storage    Batteries,    Driving    of    Kineto- 

scope  Motors  by,  64 
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Storage    Batteries,    Driving    of    Phono- 
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Storage    Batteries,    Emplojrment    of,    in 
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Storage  Batteries,  Lead-Antimony  Grids 

for,   56 
Storage   Batteries,   Plant^'s  and  Faure's 

Types  of,  Differences  Between,  56 
Storage   Batteries,    Use  of  Cadmium   in 

Lead  Grids  of,  56 
Storage   Batteries,   Use  of,   for  Driving 

the  Motors  of  Automobiles.  59 
Storage   Batteries,    Use  of,   for   Electric 

Launches,  64 
Storage   Batteries,    Use   of,    for   Electric 

Locomotives,   66 
Storage   Batteries,   Use  of,   for   Electric 

Torpedoes,  64 
Storage   Batteries,   Use  of,   for   Electric 

Vehicles,  64 
Storage  Batteries.  Use  of,   for  Lighting 

Carriages  and  Steam  Cars,  64 
Storage    Batteries,    Use    of,    in    Central 

Stations,   65 
Storage  Batteries,  Various  Uses  for,  64 
Storage  Cell,  Charging  of,  54 
Storage  Cell.  Edison's,  60 
Storage    Cell,    Electric    Storage    Battery 

Company's,  58 
Storage  Cell,  Lead  Peroxide  of,  $$ 
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Type  of,  50a 
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Sturgeon's  Electro-Magnet,  a'15 

Sab-Aqueous  Cables.  324 

Submarine  Cable,   Armor  or  Shield  of. 

Submarine  Cable,  Bedding  of,  326 
Submarine    Cable,    Conducting    Wire  .or 

Core  of,  326 
Submarine  Cable,  Construction  of,  326 
Submarine  Cable,  Deep-Sea,  326 
Submarine  Cable,  Dover-Calais,  32c 
Submarine  Cable,  Reason  for  Rapid  De- 
struction of,   by  Leaky   Positive  Cur- 
rents, 355 
Submarine  Cable,  Shore-End,  326 
Submarine    Cable,    Temporary    Mooring 

of.  During  Storm,  347 
Submarine  Cables,  ^24 
Submarine  Cables,  Accidents  to,  328 
Submarine  Cables  and   Ships'   Anchors, 

339 
Submarine  Cables  and  the  Teredo,  330 
Submarine  Cables,  Chafing  of,  from  Tidal 

Movements,  ^29 
Submarine  Cables,  Condenser  Action  of. 

Submarine  Cables,  Destruction  of,  by 
Shell-Fish,  ^29 

Submarine  Cables,  Duplexing  of,  361 

Submarine  Cables,  Excellent  Qualities  of 
Gutta-Percha  for.  328 

Submarine  Cables,  Necessity  for  Employ- 
ing  Small   Currents  in   Operation  of, 

SuDmarine  Cables,  Operation  of,  352-365 

Submarine  Cables,  Total  Number  of,  349 

Submarine  Finder,  171 

Submarine  Finder,  Construction  and 
Operation  of,  171 

Submarine  Telegraphy,  ^4 

Submarine  Telegraphy,  Briffht  on  Influ- 
ence of,  on  inaustrial  Progress  and 
Commerce  of  the  World,  352 

Submarine  Telegraphy,  Commercial  Ef- 
fects of,  365 

Submarine  Telegraphy,  Diplomatic  Ef- 
fects of,  364 

Submarine  Telegraphy,  Early  History  of, 

334 

Submarine  Telegraphy,  Political-  Effects 
of,  363 

Submarine  Telegraphy,  United  States 
Bureau  of  Statistics  of  Treasury  De- 
partment on.  324 

SuDsidiary  Telephone  Switchboards.   165 

Success  of  Second  Attempt  at  Atlantic 
Cable  of  i8c8,  339 

Successful  Atlantic  Cable  Expedition  of 
x866,  345 

Sudden  Atmospheric  Electric  Discharges, 
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Sulphuric  Acid,  Electro-Chemical  Manu- 
facture of,  92 
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Sulphuric  Acid  Voltameter,  15 

Sulzer's    Alleged    Discovery    of    Voltaic 

Cell,  II 
Sun    Spota,    Plant^^s    Hypothesis   aa   to 

Electric  Cause  of»  71 
Supporting   Plates  or  Girds  ol   Stom^e 

fiattery,  S5 
Swin^ng     Telephone     Wirci^     Troubles 

Switch,     Heat^egulating,     for     Electric 

Car  Htatcra,  503 
Switch,  Yale-Lock  Burglar-Alarm,  47® 
Switchboard,     InteniBediate>Office    Telc- 

graphic,  s8a 
Switchboard,     Main-Office     Telegraphic, 

Switchboard,  Metallic  Circuit,  151 
Switchboard.    Multiple,    Busy   Test   for, 

«57 
Switchboard,     Multiple    Central-Station, 

Answering  Plug  tor,   156 

Switchboard,  Multiple  Central-Station, 
CaDiog  Plug  of,  156 

Switchboard,  Multiple  Central-Station, 
Linrits  to  Size  of,  157 

Switchboard  of  Central  Telephone  Sta- 
tion, X48 

SwitcU>oard,  Small  Central  -  Station, 
Operator's  Apparatus  for,  150 

Switchboard,  Telegraphic,  28a 

Switchboard,  Way-Line  Telegraphic,  285 

Switchboards,  Automatic  Telephone   165 

Switchboards,  Auxiliary  Telephone.  165 

Switcbboardb,  Large  Multiple  Central- 
Station,  Transfer  System  for,  157 

Switchboards,    Multiple    Central-Station, 

155 
Switchboarda,    Multiple    Central-Sution, 

Answering   Jack   for,    x«6 
Switchboards,    Multiple    Cmtral-Stxtton, 

Trunk  Lines  for,  x<7 
Switchboards,      Subsidiary      Telepbone, 

165 
Sword-fish    and     Singapore     Submarine 

Cable,  331 
Sympathetic  Vibrations,  394 
Sympathetic  Vibrations  in  Glass  GoUeta, 

Symdironisfla,  Definitioa  of,  318 
Synchronous-Multiplex    Telegraphy,    De- 
lany's  Remarkable  Experiment  tn,  s^x 
Synchronous  Multiplex  Telegrapbtc  Sys- 

Syntonic  or  Tuned  Leyikn  Jars,  Lodge's, 
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Syntonie    TranamittiM    and 

Apparatus,  Marconifv,  4x4 
System  of  Call  Bella  for  Telephonic 

munication,  13  x 
Syateas    of    Scfnapharie    Signalixiig    by 

Chappi,  ao4 


TAXinroa,  Telegraphic,  s«8^ 
Tainter  and  Bell'a  Photophoae,  196 
Tainter's  Carbon  or  Soot  Cell,  199 
Talking  Newspaper,  19s 
Tele-Pnonograph,  191 
Tele-Graphophone,  X9T 
TeYegraph,  Betancourt's  Efectrfc,  aio 
Telegraph,  Cayallo's  Electric,  six     _^     , 
Telegraph  Circnita,  Eartb-Retom,  Eirdi 


TelcffMAb  Circuits  of  Telegraphic  Relay 


and  Recording  Magnet.  33 
Telegraph  Circuits,  N^taic  B 


latteries  for. 
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Telegraph  Circuits,  Western  Union  Tclc» 

fraph  Company's  Type  of  Fuse  Wire 
or,  ayp 
Telegraph,   Dennioon'a   Facaimtle,   367 


Tekgraph,  De  Salira's  Electri<^^axx 
Telegraph,    Electric,    Early    Description 

of,    207 

Telegraphy  Electro-Magnetic,  Ampire'a 
Suggestions  for,  2x5 

Telegraph,  Electro-lugnetic  Extended 
Preparatory  Investigations  Necessary 
for  Production  of,  ziy 

Telegraph,  Electro- Magnetic,  First  Amer- 
ican, 220 

Telegraph.  Electro-Magnetic;  Ixxflwrnce  of 
Daniell  8  Voltaic  Battery  on  Invention 

of     2X  7 

Telegraph,     Electro-Magnetic,     Oersted^ 

Suggcstioxia  for,  ax  5 
Telegraph,    Electro-Magnetic,    Tranamit- 

ting  ixurtrumcnt  of  Gauss  and  Weber's, 

233 
Telcffrapb,  FiTe-Needle  Electro-Magnetic; 

Wheatstone  and  Cooke'a.  asS 
Telegraph  Fixture,  House-Top,  249 
Telegraph,  Gray's  Electric,   206 
Telegraph,  Lesage'a  EHectric,  209 
Telegraph  Line  Between  Waahaagfeon  and 

Baltimore,  Morse's,  224 
Telegraph  Line  Between  Washington  and 

Baltimore,    Passage   of   Bill    for   Con- 

structkm   of,   by   United   Statea   Con* 

gress,  228 
Telegraph  Line  Between  Washington  and 

Baltimore,    Recording  Apparatus   Em- 
Telegraph   line.    Double   Inaulation   of, 

251 
Telegraph  Line,  Effect  of  Inaulation  on 

Conductivity  of,  349  ^ 

Telegraph  Line,  ElecUo-Magnetic,  Com- 
mercial   Failure    of    First    American, 

231 

Telegraph  Line,  Impedance  of,  to  Light- 
ning Diacharges,  a7S 

Telegraph  Line  Joint.  Resistance  of,  251 

T^grai>h  Line,  Methoda  for  Increasing 
Capacity  of,  31X 

Telegraph  Line  Wire,  Tie  Wire  for  Sc 
curing,  to  Insulator,  347 

Telegraph  Line  Wires,  Ulaaa  Inaulatora 

Telegraph  Linea  and  Lightning  Flashes, 

Brcguet  on,  271  ^. 

Telegraph    Lines,    Atmospheric    Electne 

Currents  on,  272  , .       ^ 

Telegraph  Lines,  Circular  Line  Tappmg 

Qamp  for,  a86_  _  ,    ^ 

Telegraph  Lines,  Present  Extent  of  the 

World's,  269 


Telegraph  Lines,  Saw-Tooth  Lightxung 
Arresters  for,  sts     .  ^  ^ 

Telegraph  Lines,  Sneak-Current  Protee- 
tor  for,  278  ^  ,^       , 

Telegraph  Lines,  Use  of  Dynamo-Electrle 
Mlachines  on,  a9a 

Telegraph  Lines,  Violent^  Atmoaphcrte 
Dncharges  Often  Less  Dangerous  to, 
than  Sl%ht  Dischanoea,  m^ 

Telegraph,  Murxa/a  Semaphafic,  204 
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Rods  on.  ijs 
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Telegrap"   Sleinbeil'a    Eleclro-Magnilie, 

Ttlegraph,  Sttada'i  Propoied,  lo; 
Telegraph    Syaiem,    Monc    Electro-Mag- 


nelic,     Open-Circu 

Telegraph,  WaUon'a 
Telegraph,  WheaUto 
Telegraph      Wirei, 
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Telegraph    Wirea,    Underground,    Obje 
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Electric.   306 
e'l  Frintidg.  140 
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TelV^aph^  Veiling,  3? 
Telegrapber,  Expert,  E 

Telegraphic    Alphabet 


ending  Speed  of, 
>r    Code,    HorK, 


Telegraphic  Bracken 
Telegraphic  Bnckeli 
Telegraphic  Cable.  L— . 
Telegraphic    Cable,     Und. 

Gulta-Percha   b   no*    "^ 

Iniulalor  for  Wirea    _  _„ 
Telegraphic  Code,  Continental,  a63 
Telegraphic  CroB-Talk.  141 
Telegraphic  Diiturbances,  Auroral.  174 
Telegraphic  Diiturbancea,  Walker  on  An- 
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Telepaphic  Receiving  Inslrament,  a 

heil'a  Improved,  jjs 
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eulla  o£,  ajS 
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Telegrapbic    Repealera,    Limit  of  Opera- 
Telegraphic  Sounder,  Hone,  159 
Telegraphic  Switchboard,  iSa 
Tel^apbic     Switchboard,     iDtermcdiate- 

Telegraphic  Switchboard,  Uain-ORicc,  aB* 
Telegraphic  Switchboard,   Pin  Plug  for. 

Switchboard,    Three-Circuit 

Telegraphic' Switchboard,  Way-Line,  iBj 
Tel^raphic    Syiiem,    Delanra    Sniehni- 

nous  Multiplex.  317 
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Telegraphy, 

Telegraphy, 
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Preece  on.  aS4 
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Teleplione  Cables.  Objection*  to  Uae  of 

Indui    Rubber   aa    Inaulaliog    Material 

Telephone  Cablea,  Paper-Inaulated, 
Telephone  Cahlei,  Undergrour-'  '■" 


c;.Xi, 


Clou 


e  Caveat,  Giai's,   105 

t    Circaits.    Diiturbance   of. 

ien»     of     Elettiieallj     Char) 


niita,     DiiiuibaaceB     Fro 

,    _Joui!d7d;'*'MB?£e. 

Telephone "  Cireiiwr^ro"n 

Ariiina  from,  IM 
Telephone     Cireuilfc     J.     J..     Carty 


Tde^hone    Cirimitij^   Grounded,    Merited 
'".    Trouble 


Noil 


Hea: 


turbance  of,   iij 
Telephone    Circuila,    Poaiible    Simplieiti' 

of;   166 
Telephone  Circiiith  Tranaposiiion  of,  13S 
Telephone   Correapoii  dents,    Ubiquity  of, 

Te'ephone     Deaeribed     in     Bell'.     Early 

United   Stalea   Patent,    101 
Telephone  Diipbraima,  Fleeming  Jenkin 

Telephone  Diaphragm.  Hugbea'  Inveiti- 
gations  u  to   Nature   of  Motions  of, 

Telephone    Diaphragms,    Moncel    on    Na- 

Telepbone,     Dolhesi^s     Magneto- Electric, 

TelephoTw,    Draobaugb's    Qaims   to    tbe 

Telephuie,  Dry -Pile,   tBi 

Telephone,  Edison's   LoudSpealiinE,   iS; 

Telephone,  Elect rophorus,   iBi 

Telephone,  Gray's    Modified     Form    of. 

Telephone  Hook  Switch,  Automatic.  IJJ 
Telephoqe  Investigatians.  Edison's,  109 
Telephone    Linea,    Causes    of   Impedance 

Telfphone  Lines,  Electro- Magnetic  Ca- 
Tetephone  Lino,  Electro-Static  Capacity 

of;   >6i 
Telephone  Liirea.   Inductive  Capacity  of, 

Telephone  Lines,  Influence  of  Electro- 
static Capacity  on   Impedance  of,   r«i 

Telephone  Linea,  Influence  of  Inductive 
or  Electro- Magnetic  Capacity  of.  on 
Impedance,  161 

Telephone  Lines,  Influence  of  Insulation 
ReaisUnce  on   Impedance  of,    160 


Dotbeai'a    Electro- 


Telephone  Lines,  Insulation  Resisi 
Tdephc 

Telephone  Receiver,  Almoet  Incon 
ably  Small  Amount  ol  Electric 
ergy  Neceagary   lor  Operation  of, 

Telephone  Receiver,  Dolber-'-  "'- 
Static,  III 

Telephone     Receiver,     Dunai 
Micropbonic-Contact.    176 

Telephone,  Rris'a  Exposition  of  the  Prin- 
ciples of.  in  1S60,  98 
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of  Induction  Coil  in,  122 
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System  for,   131 
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Electrie  Street  Cars,  x^6 
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nalling for,   159 

Telephonic  Transmission,  Long-Distance, 
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Terminal,  Cable.  14a 
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ture, 486 

Time  Telegraphy,   Electrici  381 

Timed  Impulses,  Cumulative  Effect  of, 
396 

Tinned  Iron,.  Cause  of  Rapid  Rusting  of, 
46 

Toaster  and  Griddle-Cake  Cooker,  Elec- 
tric, 511 

Tommasina's  Electro- Radiophone,  424 

Tommaaina's  Electro-Radiophone,  Con- 
atruction  of,  425 

Torpedoea,  Electric,  Use  of  Storage  Bat- 
teries for,  64 

Transatlantic  Steamers,  Actual  Use  of 
Wireless  Telegraphy  on,  423 

Transatlantic  Wireless  Despatchca,  First 
American,    422 

Transfer  System  for  Large  Multiple  Cen- 
tral-Station Switchboarda.  157 

Transmission,  Alleged,  of  Aromatic  Sub- 
stancea  through  Glass  Tubes,  556 

Transmission  Circuits,  Necessity  for 
High  Conducting  Powers  in,  484 

Transmission  Circuits,  Safe  •  Limiting 
Temperature  for,  485 

Transmission  Circuits,  Why  Resistance 
Should  be  Kept  Low,  485 

Tranamission,  i>ouble  •  Current  Tele- 
graphic, 297 

Transmisaion,  Hand,  296 

Tranamission  Line,  Long-Distanoe  Tele- 
phone^ 123 

Transmission,  Machine,  296 

Transmission  of  Three  Morse  Dots 
Across   the   Atlantic,    421 

Tranamisaion  of  Wireless  D«HWtdies 
Across  English  Channel,  417 

Transmission,  Single-Current  TelcgiaphiCb 
297 

Transmitter  and  Receiver  of  Writing 
Telegraph,  Construction  of,   375 

Transmitter,  Blake's  Telephone^  117 

Transmitter,  Dust  Telephone,  110 

Transmitter  for  DelanjTa  Machine  Tekr 
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Uiled  CoBitructioa  of,  376 
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Earl;  Tefepbone, 
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Weber-a     Electro-Magnetic    Telegrap 

Tranimitting     Inaitumenig,     Telegraphic, 

Sleinbeil's  Improvementa  of  Gauaa  and 

Weber'a,   334 
TranamillTng  ^eya.  Uie  of  Two,  in  Di 

plei   Telegraphy,    jij 
Tiaoamitting  Magneto- Electric  Telephoni 

and  Voice-Driven  Dynamo,   107 
Transposition     of     Overhead     Telephoni 

Wires,   Method   ot,    139 
Tranaposiiion  of  Telephone  Circuits,  13S 
Tire,  Xead,  10 
Trembling  ot  Vibrating  Electro-Magnetic 

Bell,  410 
Trolley      Circuit      with      Ground-Return 

through  Tradia,  47 
Trolley  Circuits,   Ground-Return,   Pointa 

Where    Electrolytic    Corrosion    Occurs 

Trunk  Boards,  Telephone,   164 
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U  id  Conduits,  143 
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Receiving  Instrument,  411 

Vibrating  %ell.  Conversion  of,  into  Sb- 
jgle-Stroke  Bell.  430 

Vibrating  Bell,   Push  and  Cell,   Connec- 
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Telegraph  Line  Between,  224 
Watchman's  Electric  Time  Detector,  471 
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Waves.  Electro-Magnetic,  393 
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Heated  Metato,   527 
Welding  Process,   Tnomson,   53' 
Welding,  Use  of  Suitable  Flux  for,  524 
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estem     tjnion     Company's    Type    of 
Morse   Telegraphic   Sounder,   259 
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Electro-Magnetic  Telegraoh,  238 

Wheatstone    and    Cooke's    Needle   Tele- 
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mission   of.    Across    English  Chsnnet 

417 

Wireless  Telegraphic  Instrument.  Anten- 
nae of,  414  «.      «, 
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Interception  of,  398 
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Wireless  Telegraphic  System,  Dncreters, 
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